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1. Risk factors for vitamin B12 deficiency

1.1. Review question

What are the risk factors for vitamin B12 deficiency?

1.1.1. Introduction

There are many possible risk factors for developing vitamin B12 deficiency. These can be
broadly split into dietary and non-dietary factors and medicines. The extent to which these
factors increase the risk of developing vitamin B12 deficiency is unclear.

There are a wide variety of possible symptoms and signs of vitamin B12 deficiency, but it is
unclear which ones are most indicative and useful in the diagnostic process.

Better awareness regarding when to suspect and initiate testing for vitamin B12 deficiency
would reduce delayed and missed diagnosis and help reduce complications associated with
vitamin B12 deficiency. The following reviews seek to identify the most useful risk factors and
symptoms and signs in raising suspicion of vitamin B12 deficiency.

1.1.2. Summary of the protocol

For full details see the review protocol in below.

Table 1: PICO characteristics of review question
"Population . Adults

Dietary risk factors:

e vegetarianism

e veganism

e restrictive diets including eating disorders

¢ socioeconomic status (cannot afford enough food that is rich in vitamin B12)
e learning difficulties

Prescription medications:
e metformin

e proton pump inhibitors
e colchicine

o contraceptive pill

o antibiotics (sulfonamides, tetracyclines,
trimethoprim, minocycline, neomycin, co-trimoxazole, demeclocycline,
fluoroquinolones, macrolides

e h2 antagonists

e anticonvulsants (valproic acid, phenobarbital (Donnatal®,
Solfoton®), phenytoin)

¢ nitrous oxide (prescription and recreational)

Non-dietary risk factors:

e gastric surgery (including bariatric)

e terminal ileum resection

e increasing age

o family history of B12 deficiency/pernicious anaemia
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e history of another autoimmune disease (e.g., Sjogrens, vitiligo, diabetes type
1, autoimmune thyroid disease, multiple autoimmune disease)

e documented gastric body-predominant gastritis
e coeliac disease
e abdominal/pelvic radiotherapy

Confounding

All exposure/risk factors listed above.
factors

Age and sex as a minimum.
Outcomes Diagnosis of vitamin B12 deficiency at any time point reported in the study
(adjusted hazard ratios, odds ratios or risk ratios).

Study design Inclusion:

* Prospective and retrospective cohort studies with multivariate analysis.
o Case control studies with multivariate analysis.
o Systematic reviews of the above.

Exclusion:
o Studies with univariate analysis only will be excluded.

1.1.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

1.1.4. Prognostic evidence

1.1.4.1. Included studies

Seven studies were included in the review; 78 these are summarised in Table 2 below.
Evidence from these studies is summarised in the clinical evidence summary tables below
(Table 3, Table 4, Table 5, Table 6, Table 7 and Table 8).

¢ One randomised controlled trial, one prospective cohort study and one retrospective
cohort study reported the predictive value of metformin use for vitamin B12 deficiency in
people with type 2 diabetes or prediabetes.

¢ One case-control study reported the predictive value of proton pump inhibitor use for
vitamin B12 deficiency.

¢ One case-control study reported the predictive value of H2 receptor antagonist use for
vitamin B12 deficiency.

e Three retrospective cohort studies reported the predictive value of ileal resection for
vitamin B12 deficiency in people with Crohn’s disease.

Different confounders were considered in each study. All included studies adjusted/matched
for age and gender as a minimum. Most of the studies used logistic regression analysis to
adjust for confounders. A variety of different definitions of vitamin B12 deficiency were used
in the studies.

See also the study selection flow chart in Appendix C, study evidence tables in Appendix D,
forest plots in Appendix E and GRADE tables in Appendix F.

1.1.4.2. Excluded studies

See the excluded studies list in below.
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1.1.5. Summary of studies included in the prognostic evidence

Table 2: Summary of studies included in the evidence review

Study

Aroda
2016"

Secondar
y
analysis
of the
Diabetes
Preventio
n
Program
Outcome
s Study
(prospect
ive
cohort
study)

Bermejo
20132

Retrospe
ctive
cohort
study

De Jager
20103

Randomi
sed
controlle
d trial

Population

n=1800
adults with
impaired
glucose
tolerance
(randomis
ed to
metformin,
lifestyle
interventio
n or
placebo,
followed
up at
mean 3.2
years,
then
participatin
gina
follow up
study in
which
those on
metformin
continued)

USA
n=180
adults with
Crohn’s
disease

Spain

N=390
adults with
insulin
treated
type two
diabetes

The
Netherland
S

Analysis

Logistic
regressio
n analysis

Logistic
regressio
n analysis

Prognostic

variable(s)

Metformin
(risk per year
of use)

lleal resection

Metformin

7

Confounders Outcomes

Age, sex,
BMI, use of
prescription
proton pump
inhibitors or
prescription
H2 blockers,
diabetes
status,
weight
change
during

DPP/DPPOS

, and
treatment
arm

CD

location,
disease
activity and
duration of
CD (age and
gender also
considered
in univariate
analysis)

Vitamin
B12
deficiency
(<203
pg/mL)

Vitamin
B12
deficiency
(<200

pg/ml)

(n=28)

Vitamin
B12
deficiency
(<150
pmol/L)

(n=24)

Notes/Limit
ations

Serious
population
indirectness
: impaired
glucose
tolerance

Serious
population
indirectness
: Crohn’s
disease

Those
receiving
supplement
al B12 were
excluded

Serious
population
indirectness
:insulin
treated type
2 diabetes

Those with
vitamin B-
12
concentratio
ns < 150
pmol/l at
baseline,
interim
analysis, or
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Study

Headstro
m 2008*

Retrospe
ctive
cohort
study

Lam
2013°

Case-
control
study

Population Analysis

N=201
people
with
Crohn’s
disease

USA

n=25956
B12
deficiency
cases
n=184199
matched
controls
identified
from an
electronic
database
covering
the Kaiser
Permanent
e Northern
California
integrated

Logistic

regressio
n analysis

Matched

Prognostic
variable(s)

lleal resection

Proton pump
inhibitors

H2 receptor
antagonists

8

Confounders Outcomes

Age, sex,
race,
duration of
disease,
disease
location, and
prior surgery

Matched by
sex, region
of home
facility, race/
ethnicity,
year of birth,
and
membership
duration.
Additional
potential
confounders
entered in
the original
model but
not
significant.

Vitamin
B12
deficiency
(Values
from 180 —
223 pg/mL
considered
indetermin
ate and
values
<180
pg/mL
considered
deficient.
For the
primary
analysis,
B12
concentrati
ons <224
pg/mL
considered
abnormal
because
practice to
offer
replaceme
nt at this
concentrati
on)
Vitamin
B12
deficiency
(1 of the
following:
first
diagnostic
code for
vitamin
B12
deficiency,
or specific
text
diagnoses
of vitamin
B12
deficiency;
an

Notes/Limit
ations

at both time
points were
supplement
ed at 16
weeks and,
therefore,
excluded
from
analyses
after 16
weeks

Serious
population
indirectness
: Crohn’s
disease

Those
previously
diagnosed
with B12
deficiency
or receiving
supplement
al B12 at
the time of
initial visit
were
excluded

Vitamin B12 deficiency: evidence reviews for risk factors and symptoms and signs [March
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Study

Shivapra
sad
20207

Retrospe
ctive
cohort
study

Ward
20158

Retrospe
ctive
cohort
study

Population Analysis
healthcare

system

USA

n=2887 Logistic
adults with  regressio
type 2 n analysis
diabetes

India

n=381 Logistic
adults with  regressio
Crohn’s n analysis
disease

UK

Prognostic
variable(s)

Metformin
(metformin
usage index)

Age

lleal resection

9

Confounders

Age, MUI,
duration of
diabetes,
BMI, and
HbA1c
(gender also
considered
in univariate
analysis)

Age, gender,
smoking
status,
disease
phenotype,
treatment
with
immunomod
ulators or
anti—tumour
necrosis
factor
agents,
disease
duration,
ileal
resection
length, and
disease
activity were
entered into
the model
and
significant

Outcomes
abnormally
low value
for serum
vitamin
B12; a new
and at
least 6-
month
supply of
injectable
vitamin
B12)

Vitamin
B12
deficiency
(absolute
deficiency
<200 pg/ml
and
borderline
deficiency
200-300

pg/ml)

Vitamin
B12
deficiency
(<25
pmol/L
defined as
deficiency,
>50 pmol/L
considered
replete.
Values 25-
50 pmol/L
underwent
MMA
analysis.
MMA
values
>280
nmol/L
confirmed
B12
deficiency
in patients
<65 years

Notes/Limit
ations

Serious
population
indirectness
i type 2
diabetes

Age as a
risk factor
unclearly
reported
(units/polarit

y)

Those
receiving
vitamin B12
supplement
ation over
the last

6 months
were
excluded

Serious
population
indirectness
: Crohn’s
disease

Unclear
duration
between
prognostic
factor and
outcome

Those
receiving
vitamin B12
replacemen
t were
excluded

Vitamin B12 deficiency: evidence reviews for risk factors and symptoms and signs [March
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Prognostic Notes/Limit
Study Population Analysis variable(s) Confounders Outcomes ations

factors old, or

remained in >360

the final nmol/L in

model patients
>65 years
old. Serum
B12
measured
using the
ARCHITEC
T assay
(Abbott
Diagnostic
s). Patients
with values
<107
pmol/L
were
defined as
B12
deficient as
per local
laboratory
ranges. A
separate
analysis
was
performed
using the
National
Health and
Nutrition
Evaluation
Survey
serum B12
cut-off for
diagnosing
B12
deficiency
of <147
pmol/L)

See Appendix D for full evidence tables.
1.1.6. Summary of the prognostic evidence

Table 3: Clinical evidence summary: metformin (randomised controlled trials)
Numb
er of
partici
pants
(studi
es)
Risk factor and outcome Follow Quality of the
(population) up evidence (GRADE) Effect (95% CI)
Metformin use for predicting vitamin B12 390 (1) VERY LOWab HR: 5.5 (1.6 to 18.91)
deficiency (<150 pmol/l)
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Risk factor and outcome
(population)
(insulin treated type 2 diabetes)

Numb

er of

partici

pants

(studi

es)

Follow Quality of the

up evidence (GRADE)

52 Due to risk of bias,
month  indirectness
S

Effect (95% CI)

(a) Downgraded by two increments due to very high risk of bias (those with vitamin B-12 concentrations < 150 pmol/| at
baseline, interim analysis, or at both time points were excluded from analyses after 16 weeks; unclear measurement of
adherence to metformin treatment; reported difference in age between groups, effects of which were investigated for
B12 concentrations but not for deficiency outcome; high rate of missing outcome data at final visit)

(b) Downgraded by 1 increment due to serious population indirectness (applicability limited to those with insulin treated

type 2 diabetes).

Table 4: Clinical evidence summary: metformin (prospective cohort studies)

Risk factor and outcome
(population)

Metformin use per year for predicting
vitamin B12 deficiency (< 203 pg/mL)
(impaired glucose tolerance)

Numb

er of

partici

pants

(studi

es)

Follow Quality of the

up evidence (GRADE)

1800 VERY LOW?a.

(1) Due to risk of bias,
9 indirectness
years

Effect (95% Cl)

Adjusted OR: 1.13
(1.06 to 1.2)

(c) Downgraded by two increments due to very high risk of bias (vitamin B12 status at baseline not reported; >10% last to
follow up with no description of those missing from the analysis or attempts to follow up; measurement of metformin
use included self-report; vitamin B12 deficiency based on serum level alone; not all confounders accounted for; model

development strategy not reported)

(d) Downgraded by 1 increment due to serious population indirectness (applicability limited to those with impaired glucose

tolerance).

Table 5: Clinical evidence summary: metformin (retrospective cohort studies)

Risk factor and outcome
(population)

Metformin (metformin usage index <5)
for predicting vitamin B12 deficiency
(<200 pg/ml or borderline deficiency
200-300 pg/ml)

(type 2 diabetes)

Metformin (metformin usage index >5)
for predicting vitamin B12 deficiency
(<200 pg/ml or borderline deficiency
200-300 pg/ml)

(type 2 diabetes)

Numb

er of

partici

pants

(studi

es)

Follow Quality of the

up evidence (GRADE)
2887 VERY LOWsa.bec

(1) Due to risk of bias,
unclea indirectness,

r imprecision

2887 VERY LOWs?»

(1) Due to risk of bias,
unclea indirectness

11

Effect (95% Cl)

Adjusted OR: 1.37
(0.88 to 2.13)

Adjusted OR: 3.56
(2.29 to 5.53)

Vitamin B12 deficiency: evidence reviews for risk factors and symptoms and signs [March
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Numb

er of

partici

pants

(studi

es)
Risk factor and outcome Follow Quality of the
(population) up evidence (GRADE) Effect (95% ClI)
Metformin (metformin usage index >10) 2887 VERY LOWsab Adjusted OR: 5.12
for predicting vitamin B12 deficiency (1) Due to risk of bias, (3.12 to 8.4)
(<200 pg/ml or borderline deficiency unclea indirectness
200-300 pg/ml) r
(type 2 diabetes)
Metformin (metformin usage index >15) 2887 VERY LOWsa» Adjusted OR: 6.74
for predicting vitamin B12 deficiency (1) Due to risk of bias, (4.39 to 10.35)
(<200 pg/ml or borderline deficiency unclea indirectness

200-300 pg/ml)
(type 2 diabetes)

r

(a) Downgraded by two increments due to very high risk of bias (vitamin B12 status at baseline (prior to risk factors) not

reported and those receiving supplements were excluded,; unclear measurement of metformin use (based on clinical records
- no further detail); no information on missing data; unclear whether borderline deficiency is included in deficiency outcome

(appears so))
(b) Downgraded by one increment due to serious population indirectness (applicability limited to those with type 2 diabetes)

(c) Downgraded by one increment due to imprecision if the confidence interval crossed the null line

Table 6: Clinical evidence summary: proton pump inhibitors (case control studies)

Numb

er of

partici

pants

(studi

es)
Risk factor and outcome Follow Quality of the
(population) up evidence (GRADE) Effect (95% Cl)
Proton pump inhibitor (at least a 2-year 21015 LOwa OR: 1.65 (1.58 to
supply prior to the index date) for 5(1) Due to risk of bias 1.72)
predicting vitamin B12 deficiency unclea

(diagnostic code for deficiency/specific
text diagnoses/low serum B12/new at
least 6-month supply of injectable B12)

(B12 deficiency cases and matched
controls from an electronic database)

r

(a) Downgraded by two increments due to very high risk of bias (unclear duration of follow up; medication duration <2 years
and OTC medications not included in the analysis; not all key confounders considered/measurable due to study design;
analytical strategy described, but results not fully reported)

Table 7: Clinical evidence summary: H2 receptor antagonists (case control studies)

Risk factor and outcome
(population)
H2 receptor antagonists (at least a 2-

year supply prior to the index date) for
predicting vitamin B12 deficiency

Numb
er of
partici
pants
(studi
es)
Follow
up
21015
5(1)

Quality of the
evidence (GRADE)

LOWa
Due to risk of bias

Effect (95% CI)

OR: 1.25 (1.17 to
1.34)
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Numb
er of
partici
pants
(studi
es)
Risk factor and outcome Follow Quality of the
(population) up evidence (GRADE) Effect (95% ClI)
(diagnostic code for deficiency/specific unclea
text diagnoses/low serum B12/new at r
least 6-month supply of injectable B12)
(B12 deficiency cases and matched
controls from an electronic database)

(a) Downgraded by two increments due to very high risk of bias (unclear duration of follow up; medication duration <2 years
and OTC medications not included in the analysis; not all key confounders considered/measurable due to study design;
analytical strategy described, but results not fully reported)

Table 8: Clinical evidence summary: lleal resection (retrospective cohort studies)

Numb

er of

partici

pants

(studi

es)
Risk factor and outcome Follow Quality of the
(population) up evidence (GRADE) Effect (95% CI)
Previous ileal or ileocolonic resection for 180 (1) VERY LOWab Adjusted OR: 2.7 (1.2
predicting vitamin B12 deficiency (<200  ynclea Due to risk of bias, to 6.07)
pg/ml) r indirectness
(Crohn’s disease)
Prior ileal resection 0-20cm for predicting 381 (1) LOWPe Adjusted OR: 3 (1.5
vitamin B12 deficiency (<25 pmol/L unclea Duye to risk of bias, to 6)
Values 25-50 pmol/L underwent MMA r indirectness
analysis. See study details)
(Crohn’s disease)
Prior ileal resection >20cm for predicting 381 (1) LOWP< Adjusted OR: 6.7 (3
vitamin B12 deficiency (<25 pmol/L unclea Due to risk of bias, to 14.96)
Values 25-50 mel/L underwent MMA r indirectness
analysis. See study details)
(Crohn’s disease)
Prior ileal resection for predicting vitamin 201 (1) VERY LOWePd Adjusted OR: 7.22
B12 deficiency (<224 pg/mL) unclea Duye to risk of bias, (1.97 to 26.46)
(Crohn’s disease) r indirectness

(a) Downgraded by two increments due to very high risk of bias (B12 status at baseline (prior to/at the time of resection) not
reported, those receiving B12 supplements excluded; not all confounders considered; no information on missing data;
significant results only reported in text)

(b) Downgraded by one increment due to serious population indirectness (applicability limited to those with Crohn’s disease)
(c) Downgraded by one increment due to high risk of bias (vitamin B12 status at baseline not reported, although history of
diagnosed deficiency excluded; retrospective chart review with unclear duration between prognostic factor and outcome;
not all key confounders measured/adjusted for)

(d) Downgraded by two increments due to very high risk of bias (unclear duration between prognostic factor and outcome;
adjusted for some but not all key confounders; limited information on measurement of prognostic and confounding factors;
definition of deficiency based on serum values only and includes indeterminate range)

See Appendix F for full GRADE tables.
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1.1.7. Economic evidence

This is a prognostic risk factor review therefore economic evidence is not relevant to this
review question.
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1.2. Review question

What signs and symptoms are indicative of vitamin B12 deficiency?

1.2.1. Introduction

See section 1.1.1

1.2.2. Summary of the protocol

For full details see the review protocol in Appendix A.

Table 9: PICO characteristics of review question

Adults who have symptoms compatible with vitamin B12 deficiency but who do
not have a diagnosis.

Strata:

e Older adults (65 and over)

Vitamin B12 deficiency

General symptoms:

e Unexplained fatigue

e Unexplained chronic headache/migraine

Haematological manifestations:
e Anaemia
e Macrocytosis

Neurological manifestations:

e Peripheral neuropathy

¢ Gait disorders

o Falls

o Altered cognition (including delirium)

e Dementia

o Paraesthesia (pins and needles)

¢ Ataxia/diminished proprioception/vibration sensation

Mental health manifestations:
e Depression

¢ Anxiety

e Psychosis

Other:
¢ Glossitis
¢ Optic nerve atrophy/dysfunction/blurred vision

Reference standard:

15
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e clinical diagnosis of vitamin B12 deficiency

Diagnostic association of signs and symptoms with a confirmed diagnosis of
vitamin B12 deficiency.

Measured by:

Diagnostic accuracy data

o Sensitivity (prioritised), specificity, PPV, NPV
Association data

¢ Adjusted RR or OR.

e Prospective and retrospective cohort studies with multivariate analysis

e Cross-sectional studies
e Systematic reviews of the above

1.2.3. Methods and process

This evidence review was developed using the methods and process described in
Developing NICE guidelines: the manual. Methods specific to this review question are
described in the review protocol in appendix A and the methods document.

Declarations of interest were recorded according to NICE’s conflicts of interest policy.

1.2.4. Diagnostic evidence

1.2.4.1. Included studies

No relevant diagnostic accuracy or association studies of symptoms and signs in people
under investigation for vitamin B12 deficiency were identified.

See also the study selection flow chart in Appendix C.

1.2.4.2. Excluded studies

See the excluded studies list in Appendix J.

1.2.5. Summary of studies included in the diagnostic evidence

No evidence identified.

1.2.6. Summary of the diagnostic evidence

No evidence identified.

1.2.7. Economic evidence

This is a diagnostic review therefore economic evidence is not relevant to the review
question.

16
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1.3. The committee’s discussion and interpretation of the
evidence

The committee discussion of the review on symptoms and signs is included in the discussion
of the review on risk factors.

1.3.1. The outcomes that matter most

The outcome of interest for the review of risk factors was diagnosis of vitamin B12 deficiency.
There is wide variation and lack of agreement on the definition of vitamin B12 deficiency,
therefore any definition reported in the studies was included. The predictive values of each
potential risk factor were reported as adjusted odds ratios, hazard ratios or risk ratios.

Diagnostic accuracy for diagnosis of vitamin B12 deficiency as defined by the studies was
the most important outcome for the review of symptoms and signs. The committee prioritised
sensitivity over specificity because any symptoms and signs would be used to help select
those suspected of having a deficiency, in whom further investigation may be required.
Supplementary diagnostic association data, reported as adjusted odds ratios or risk ratios,
were also included as it was anticipated that there may be little diagnostic accuracy data
available.

1.3.2. The quality of the evidence
Risk factors

One randomised controlled trial, one prospective cohort study and one retrospective cohort
study reported the predictive value of metformin use for vitamin B12 deficiency in people with
type 2 diabetes or prediabetes. Evidence was of very low quality, mainly due to risk of bias
and population indirectness. Studies were based on adults with diabetes or prediabetes and
evidence was therefore not applicable to the wider adult population.

One case-control study reported the predictive value of proton pump inhibitor and H2
receptor antagonist use for vitamin B12 deficiency. Evidence was of low quality due to risk of
bias. Main sources of potential bias were an unclear duration of follow up; exposure to
medicines for less than two years and over-the-counter medicines being excluded from the
analysis; lack of consideration of all key confounding factors; and incomplete reporting of
results.

Three retrospective cohort studies reported the predictive value of ileal resection for vitamin
B12 deficiency in people with Crohn’s disease. Evidence was of low to very low quality due
to risk of bias and population indirectness. Studies were based on adults with Crohn’s
disease and evidence was therefore not applicable to the wider adult population. However,
the committee agreed that the evidence is applicable to all other indications for ileal
resection, such as ileal neuroendocrine tumours and gastric resections and total
gastrectomy. See section 1.3.3 for further explanation on gastrointestinal surgery as a risk
factor.

Different confounding factors were considered and there were a variety of definitions of
vitamin B12 deficiency used in the studies. Therefore, no meta-analysis was carried out. The
committee noted that although the evidence identified was of low to very low quality, the
results of the review were in line with their expectations and clinical experience.
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No evidence was identified for any dietary risk factors, including vegetarianism, veganism,
restrictive diets, socioeconomic status, or learning difficulties. No evidence was identified for
the non-dietary risk factors of gastric surgery, increasing age, family history of pernicious
anaemia, history of another autoimmune disease, documented gastric body-predominant
gastritis, coeliac disease, or abdominal or pelvic radiotherapy. No evidence was identified for
the prescription medicines colchicine, contraceptive pill, antibiotics, or anticonvulsants, or
nitrous oxide.

Symptoms and signs

No studies were identified that assessed the accuracy of symptoms and signs in diagnosing
vitamin B12 deficiency. No studies that assessed the association of symptoms and signs with
a diagnosis of vitamin B12 deficiency were identified.

1.3.3. Benefits and harms
Risk factors
Medicines and recreational nitrous oxide use

Evidence suggested that metformin use is a risk factor for vitamin B12 deficiency. Despite
the very low quality of the evidence, the committee noted that the increased risk in this group
is generally accepted in current clinical practice. The Medicines and Healthcare products
Regulatory Agency advise that vitamin B12 deficiency is a common side effect experienced
by patients on metformin treatment, especially in those receiving a higher dose or longer
treatment duration and in those with existing risk factors. They advise that those who are
being treated with metformin and who have symptoms suggestive of vitamin B12 deficiency
have their serum B12 levels checked, and that those with risk factors for deficiency should be
considered for periodic monitoring. The committee therefore agreed to recommend suspicion
of vitamin B12 deficiency in people taking metformin and for there to be an awareness that
people who receive a higher dose of metformin, are on longer term treatment, or have other
risk factors are at higher risk of developing vitamin B12 deficiency. The committee also
cross-referred to the existing MHRA advice.

Evidence suggested that proton pump inhibitor (PPI) and H2 receptor antagonist use are risk
factors for vitamin B12 deficiency. The committee considered that the apparent increased
risk of taking these medicines may be confounded by the indication for their use. For
example, people taking proton pump inhibitors are more likely to have a diagnosed or
underlying gastritis, which causes deficiency. Despite this limitation and the low quality of the
evidence, the committee agreed that it is still important to be aware that people using PPls
and H2 receptor antagonists might be at an increased risk of vitamin B12 deficiency. The
committee were also aware of evidence that antiseizure medicines including phenobarbital,
pregabalin, primidone and topiramate reduce the level of circulating vitamin B12. This
evidence did not meet inclusion criteria for the evidence review as it is unclear whether the
reduction in circulating vitamin B12 is reflective of true vitamin B12 deficiency. However, the
committee agreed that awareness should still be raised. The committee considered whether
carbamazepine, valproate or phenytoin should be included in the list of antiseizure medicines
to be aware of when assessing an individual’s risk of vitamin B12 deficiency. However, the
committee concluded that based on their knowledge, the evidence did not show as strong an
association between use of these medicines and vitamin B12 deficiency.

The committee considered that it may be particularly useful to review what medicines a
person is taking if they experience symptoms or signs of vitamin B12 deficiency, or if they
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have a diagnosed deficiency of unknown cause. In some circumstances, it may be
appropriate to make a shared decision on whether to continue use of the medicine.

The committee were particularly concerned at the lack of evidence for nitrous oxide given
that recreational use is a significant public health issue. They noted the difficulties in
undertaking prospective studies in this area but agreed that research on the effects of nitrous
oxide use, particularly of large amounts as well as chronic use, is greatly needed. Therefore,
the committee included nitrous oxide within the research recommendation on medicines that
increase the risk of vitamin B12 deficiency. This research recommendation includes
prescription as well as recreational use, and dose and duration of exposure.

The committee discussed whether there are any potential risks of nitrous oxide with oxygen
(gas and air) use within the clinical context, such as dental procedures and during labour. No
evidence was identified in the review although the committee were aware of the MHRA
statement that nitrous oxide has a very good safety profile in normal use under the
supervision of a healthcare professional. This also notes that prolonged use may lead, in rare
cases, to megaloblastic anaemia and neurological toxic effects (myelopathy) due to
inactivation of vitamin B12. Therefore, nitrous oxide should not be given continuously for
more than 24 hours, or more frequently than every 4 days, without close clinical supervision
and haematological monitoring. However, the committee agreed that given its good safety
profile in normal use and the MHRA statement there was no need to include medicinal
nitrous oxide with oxygen (gas and air) as a risk factor in the guideline.

The committee considered the mechanism of action of nitrous oxide on vitamin B12;
inactivating vitamin B12 and leading to dissociation from methionine synthase and
inactivation of apo-Methionine synthase. Vitamin B12 concentrations as measured by the
serum B12 test in nitrous oxide users may remain within the reference range. A functional
test of B12 activity, such as homocysteine or MMA should be measured instead in this
clinical context. The committee agreed that this should be highlighted to health care
professionals, to reduce the risk of missed diagnoses. See recommendations on diagnosing
vitamin B12 deficiency. The committee also noted that there is information and guidance
available for health care professionals on TOXBASE, the primary clinical toxicology database
of the National Poisons Information Service, including how nitrous oxide toxicity should be
managed in the emergency setting.

Medicines listed in the review protocol for which no evidence was identified included nitrous
oxide, colchicine, the contraceptive pill, antibiotics, and anticonvulsants. The committee
considered that there are plausible mechanisms by which these medicines cause or may
cause a deficiency of vitamin B12. Despite the lack of evidence identified, colchicine was
discussed at length as a potential risk factor. However, the committee did not include it in the
recommendations as it is rarely used in the long-term and vitamin B12 deficiency is not listed
as a side effect by the BNF. The committee agreed that evidence would be needed to
support recommendations for the aforementioned medications. Therefore, the committee
made a recommendation for further research to understand the association between use of
these medicines and vitamin B12 deficiency.

Gastrointestinal surgery

Evidence suggested that ileal resection is a risk factor for vitamin B12 deficiency. The
committee agreed that this evidence could be extended to gastric resections, total
gastrectomy and many bariatric operations. Gastrectomy and major gastric resection lead to
lack of intrinsic factor, preventing absorption of vitamin B12, and people will usually develop
a deficiency after these types of surgery if they do not receive vitamin B12 replacement.
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Therefore, the committee made a recommendation to be aware of this. Terminal ileal
resection and bariatric operations such as Roux-en-Y gastric bypass and sleeve gastrectomy
can increase risk of developing vitamin B12 deficiency as they lead to loss of the receptors
that absorb the intrinsic factor-vitamin B12 complex. Therefore, the committee made a
recommendation to be aware that these procedures increase the risk of vitamin B12
deficiency. The need for vitamin B12 replacement is usually planned for at the time of the
operation. However, the committee agreed it was important to highlight that some people
may stop taking or receiving vitamin B12 replacement or may have problems accessing
ongoing treatment (for example, if they move GP practice or lived abroad when they had the
surgery).

Diet

Although no evidence was identified for dietary factors, the committee agreed, based on
consensus, that it was important to highlight certain factors that can cause a deficiency.
Anyone not getting enough B12 in their body can get a deficiency. The committee agreed the
key groups of people to highlight are those that follow diets that exclude or are low in animal
source foods (such as a vegetarian or vegan diet). The committee discussed that this could
include vegetarians, vegans or people following a strict diet based on religious or personal
belief. However, they agreed that for these groups there is no evidence that they were at
increased risk of a deficiency and that most people effectively manage a balanced diet. Other
people at risk include those who do not follow a varied diet or limit their food intake, where
vitamin B12 may not form part of their regular diet, including those with eating disorders such
as anorexia. Finally, the committee agreed that a deficiency could be a risk factor for people
who have a restricted ability or energy to buy or prepare food. For example, in older people
with a disability, people who have dementia or advanced frailty, those with mental health
conditions or people who misuse substances.

Other risk factors

No evidence was identified for the other non-dietary risk factors listed in the review protocol,
however the committee considered that there was enough biological plausibility for each
factor to make a consensus-based recommendation to be aware that they may be
associated with deficiency. Abdominal/pelvic radiotherapy can have consequences of
bacterial overgrowth and an acute toxic effect or chronic scarring of the terminal ileum, which
can lead to an impaired ability to absorb nutrients including vitamin B12. Gastric body
predominant atrophic gastritis is a risk factor for vitamin B12 deficiency because intrinsic
factor is made in the gastric body, therefore atrophy causes impairment of vitamin B12
absorption. Coeliac disease can cause malabsorption of nutrients, including vitamin B12, that
can lead to a deficiency. Presence of other tissue-specific autoimmune conditions, which
often occur together because of underlying genetic predisposition, such as thyroid disease,
Sjogren’s disease or type 1 diabetes, increases the risk of vitamin B12 deficiency because of
the association with autoimmune gastritis. Due to the hereditary nature of the tendency to
develop autoimmune conditions, a family history of such conditions can also increase the
likelihood of having vitamin B12 deficiency. There are several reasons why increasing age is
a risk factor for deficiency because of physiological changes in the gastrointestinal system
that impact on the quality and quantity of the diet as well as cobalamin malabsorption from
food. Older people are also at a higher risk of mental health problems such as cognitive
impairment and dementia, which can affect dietary intake.

Symptoms and signs
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Symptoms and signs listed in the review protocol were included because they are known to
be associated with vitamin B12 deficiency. However, no evidence was identified to indicate
the strength of the associations. The committee considered that despite not having the
evidence to show which symptoms and signs are most useful in suspecting and diagnosing
deficiency, it was important to raise awareness of the most common symptoms and signs.
The committee agreed not to include unexplained chronic headache/migraine within the list
of the most common symptoms and signs because although it is a common symptom among
people with vitamin B12 deficiency, there are many other possible causes. Some causes of
chronic headache/migraine can be serious and should be investigated and ruled out before
investigating vitamin B12 deficiency. The committee made a recommendation not to rule out
a diagnosis of vitamin B12 deficiency based solely on the absence of anaemia or
macrocytosis because although anaemia and macrocytosis are associated with vitamin B12
deficiency, people with vitamin B12 deficiency do not always have anaemia and
macrocytosis, and this is a common misconception.

The committee also made a recommendation to highlight the important caveat that clinical
presentations of vitamin B12 deficiency are highly variable and other less common
symptoms and signs may occur alone or in combination with any of the listed symptoms.

Based on expert witness advice, the committee agreed that the same symptoms, signs and
risk factors would apply in pregnancy and breastfeeding. However, they also agreed that a
poor response to iron treatment is also a sign of vitamin B12 deficiency in women and people
who are pregnant or breastfeeding so included this in the list of symptoms and signs.

Overall

The committee hoped that by raising awareness of the most common risk factors and
symptoms and signs, delayed and missed diagnosis of vitamin B12 deficiency could be
reduced, which would also help to reduce complications associated with vitamin B12
deficiency.

1.3.4. Cost effectiveness and resource use

There were no economic evaluations identified as this was a prognostic (for risk factors) and
diagnostic (for symptoms and signs) review. Increased awareness of the risk factors,
symptoms and signs of vitamin B12 deficiency can aid clinicians in suspecting the diagnosis.
This is thought to have a resource impact due to more people being offered testing and
treatment. However, this will be offset by people with B12 deficiency being diagnosed and
managed earlier, with less risk of complications. This can increase QALYs and reduce
unnecessary referrals and investigations of the symptoms associated with B12 deficiency.

1.3.5. Other factors the committee took into account

The committee noted that the development of a validated symptom assessment
questionnaire would be extremely useful in the diagnosis of vitamin B12 deficiency. It would
also provide a measure by which change in symptoms could be monitored, which could
inform treatment decisions. The committee considered the practical challenges in developing
such a tool. Clinical presentations of vitamin B12 deficiency are highly variable, many
symptoms overlap with other conditions and some less common symptoms can occur alone
or in combination with more common ones. The first step in developing a symptom
questionnaire would be to determine the diagnostic value of individual symptoms and signs,
but no such evidence was identified.
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1.3.6. Recommendations supported by this evidence review

This evidence review supports recommendations 1.2.1 to 1.2.6 and the recommendations for
research on what medicines increase the risk of vitamin B12 deficiency and what dietary
factors increase the risk of vitamin B12 deficiency.
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Appendices
Appendix A Review protocols

A.1 Review protocol for risk factors for vitamin B12 deficiency

ID Field Content

0. PROSPERO registration number CRD42022360738

1. Review title What are the risk factors for vitamin B12 deficiency?

2. Review question What are the risk factors for vitamin B12 deficiency?

3. Objective To identify the risk factors and comorbidities associated with vitamin B12 deficiency to aid in the initial
identification and assessment of vitamin B12 deficiency.

4. Searches The following databases (from inception) will be searched:
e Embase
o MEDLINE

Searches will be restricted by:
e English language studies

e Human studies

Other searches:

e Inclusion lists of systematic reviews
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The searches may be re-run 6 weeks before the final committee meeting and further studies retrieved for
inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based checklist (see methods
chapter for full details).

5. Condition or domain being
studied

Vitamin B12 deficiency

6. Population

Inclusion: adults.

7. Exposure

Dietary risk factors:

e vegetarianism

e veganism

restrictive diets including eating disorders
socioeconomic status

learning difficulties

Prescription medications:
metformin

proton pump inhibitors
colchicine
contraceptive pill

¢ antibiotics (sulfonamides, tetracyclines, trimethoprim, minocycline, neomycin, co-trimoxazole,
demeclocycline, fluoroquinolones, macrolides

¢ h2 antagonists
e anticonvulsants (valproic acid, phenobarbital (Donnatal®, Solfoton®), phenytoin)
¢ nitrous oxide (prescription and recreational)

Non-dietary risk factors:
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e gastric surgery (including bariatric)

o terminal ileum resection

e increasing age

o family history of B12 deficiency/pernicious anaemia

e history of another autoimmune disease (e.g., Sjogrens, vitiligo, diabetes type 1, autoimmune thyroid
disease, multiple autoimmune disease)

e documented gastric body-predominant gastritis
e coeliac disease
e abdominal/pelvic radiotherapy

8. Confounding factors All exposurefrisk factors listed above.

Age and sex as a minimum.

9. Types of study to be included Inclusion:

¢ Prospective and retrospective cohort studies with multivariate analysis.
¢ Case control studies with multivariate analysis.
o Systematic reviews of the above.

Exclusion:
¢ Studies with univariate analysis only will be excluded.

10. | Other exclusion criteria ¢ Studies that do not adjust for at least age and sex.
o Non-English language studies.
o Conference abstracts.

1. | Context In clinical practice a number of risk factors may be associated with vitamin B12 deficiency. An understanding

of these risk factors would improve awareness regarding when to suspect vitamin B12 deficiency, which can
facilitate further diagnostic investigations to confirm diagnosis and guide treatment.

12. | Primary outcomes (critical

Diagnosis of vitamin B12 deficiency at any time point reported in the study.
outcomes)

13. | Data extraction (selection and

coding) All references identified by the searches and from other sources will be uploaded into EPPI reviewer and de-

duplicated.
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10% of the abstracts will be reviewed by two reviewers, with any disagreements resolved by discussion or, if
necessary, a third independent reviewer.

This review will make use of the priority screening functionality within the EPPI-reviewer software.

The full text of potentially eligible studies will be retrieved and will be assessed in line with the criteria
outlined above.

A standardised form will be used to extract data from studies (see Developing NICE guidelines: the manual
section 6.4).

10% of all evidence reviews are quality assured by a senior research fellow. This includes checking:
e papers were included /excluded appropriately

e a sample of the data extractions

o correct methods are used to synthesise data

e a sample of the risk of bias assessments

Disagreements between the review authors over the risk of bias in particular studies will be resolved by
discussion, with involvement of a third review author where necessary.

Study investigators may be contacted for missing data where time and resources allow.

14. | Risk of bias (quality) assessment | Risk of bias will be assessed using the appropriate checklist as described in Developing NICE guidelines:
the manual.
The QUIPs checklist will be used to assess risk of bias for each individual study.
PROBAST checklist for studies with external validation performed to evaluate discrimination and coherence.
15. | Strategy for data synthesis o Where data allows, pairwise meta-analysis will be performed using Cochrane Review manager (RevMan5)

software. A fixed-effect meta-analysis, with hazard ratios, odds ratios or risk ratios (as appropriate), and
95% confidence intervals will be calculated for each outcome.

o Data from the meta-analysis will be presented and quality assessed in adapted GRADE tables taking into
account individual study quality and the meta-analysis results. The 4 main quality elements (risk of bias,
indirectness, inconsistency and imprecision) will be appraised for each risk factor. Publication or other bias
will only be taken into consideration in the quality assessment if it is apparent.
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o Heterogeneity between the studies in effect measures will be assessed using the |2 statistic. We will
consider an I? value greater than 50% indicative of substantial heterogeneity. We will conduct sensitivity
analyses based on pre-specified subgroups using stratified meta-analysis to explore the heterogeneity in
effect estimates. If this does not explain the heterogeneity, the results will be presented using random-
effects.

¢ If meta-analysis is not possible or appropriate, results will be reported individually per outcome in adapted
GRADE tables.

16. | Analysis of sub-groups Subgroups that will be investigated if heterogeneity is present:
o Duration since procedure (for gastric surgery, terminal ileum resection or radiotherapy only)
17. | Type and method of review 0 Intervention

O Diagnostic

Prognostic

O Qualitative

O Epidemiologic

] Service Delivery

O Other (please specify)

18. | Language English

19. | Country England

20. | Anticipated or actual start date 14/09/2022

21. Anticipated completion date 01/11/2023

22. | Stage of review at time of this Review stage Started Completed
submission

Preliminary [ [

searches
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Piloting of the study | [ [
selection process

Formal screening [ [
of search results
against eligibility

criteria
Data extraction [ [
Risk of bias M [
(quality)
assessment
Data analysis [ [
23. Named contact 5a. Named contact
National Guideline Centre
5b Named contact e-mail
PerniciousAnaemia@nice.nhs.uk
5e Organisational affiliation of the review
National Institute for Health and Care Excellence (NICE) and National Guideline Centre
24. Review team members

From the National Guideline Centre:
Carlos Sharpin [Guideline lead]

Maria Smyth [Senior systematic reviewer]
Toby Sands [Systematic reviewer]

Aamer Jawed [Health economist]
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Stephen Deed [Information specialist]

Katie Tuddenham [Project manager]

25.

Funding sources/sponsor

This systematic review is being completed by the National Guideline Centre which receives funding from
NICE.

26.

Conflicts of interest

All guideline committee members and anyone who has direct input into NICE guidelines (including the
evidence review team and expert witnesses) must declare any potential conflicts of interest in line with
NICE's code of practice for declaring and dealing with conflicts of interest. Any relevant interests, or changes
to interests, will also be declared publicly at the start of each guideline committee meeting. Before each
meeting, any potential conflicts of interest will be considered by the guideline committee Chair and a senior
member of the development team. Any decisions to exclude a person from all or part of a meeting will be
documented. Any changes to a member's declaration of interests will be recorded in the minutes of the
meeting. Declarations of interests will be published with the final guideline.

27.

Collaborators

Development of this systematic review will be overseen by an advisory committee who will use the review to
inform the development of evidence-based recommendations in line with section 3 of Developing NICE
guidelines: the manual. Members of the guideline committee are available on the NICE website: Project
documents | Vitamin B12 deficiency, including pernicious anaemia: diagnosis and management | Guidance |
NICE

28.

Other registration details

20.

Reference/URL for published
protocol

https://www.crd.york.ac.uk/prospero/display record.php?ID=CRD42022360738

30.

Dissemination plans

NICE may use a range of different methods to raise awareness of the guideline. These include standard
approaches such as:

¢ notifying registered stakeholders of publication
¢ publicising the guideline through NICE's newsletter and alerts

e issuing a press release or briefing as appropriate, posting news articles on the NICE website, using social
media channels, and publicising the guideline within NICE.
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32. | Details of existing review of same
topic by same authors

33. | Current review status 0 Ongoing
] Completed but not published
O Completed and published
O Completed, published and being updated
O Discontinued

34. | Additional information

35. | Details of final publication Www.nice.org.uk

A.2 Review protocol for symptoms and signs of vitamin B12 deficiency

Field

Content

PROSPERQO registration number

CRD42022360745

Review title

What signs and symptoms are indicative of vitamin B12 deficiency?

Review question

What signs and symptoms are indicative of vitamin B12 deficiency?

Objective

To identify the signs and symptoms that are indicative of vitamin B12 deficiency to aid in
the initial identification and assessment of vitamin B12 deficiency.

Searches

The following databases (from inception) will be searched:
e Embase
e MEDLINE
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Searches will be restricted by:
¢ English language studies

e Human studies

Other searches:

e Inclusion lists of systematic reviews

The searches may be re-run 6 weeks before the final committee meeting and further
studies retrieved for inclusion if relevant.

The full search strategies will be published in the final review.

Medline search strategy to be quality assured using the PRESS evidence-based
checklist (see methods chapter for full details).

Condition or domain being studied

Vitamin B12 deficiency

Population

Adults who have symptoms compatible with vitamin B12 deficiency but who do not have
a diagnosis

Strata:
e Older adults (65 and over)

Signs and symptoms

General symptoms:
e Unexplained fatigue
o Unexplained chronic headache/migraine

Haematological manifestations:
e Anaemia
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o Macrocytosis

Neurological manifestations:

o Peripheral neuropathy

¢ Gait disorders

o Falls

¢ Altered cognition (including delirium)

e Dementia

o Paraesthesia (pins and needles)

e Ataxia/diminished proprioception/vibration sensation

Mental health manifestations:
e Depression

¢ Anxiety

o Psychosis

Other:
o Glossitis
e Optic nerve atrophy/dysfunction/blurred vision

Reference standard Reference standard:

o clinical diagnosis of vitamin B12 deficiency

Types of study to be included e Prospective and retrospective cohort studies with multivariate analysis

e Cross-sectional studies

o Systematic reviews of the above

Other exclusion criteria Exclusions:

¢ Non-English language studies
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e Conference abstracts

Context

In clinical practice a number of signs and symptoms might indicate that a person has a
vitamin B12 deficiency. An understanding of which signs and symptoms better indicate a
vitamin B12 deficiency can facilitate further diagnostic investigations to confirm diagnosis
and guide treatment.

Primary outcomes (critical outcomes)

Diagnostic association of signs and symptoms with a confirmed diagnosis of vitamin B12
deficiency.
Measured by:
¢ Diagnostic accuracy data
o Sensitivity (prioritised), specificity, PPV, NPV
¢ Association data
o Adjusted RR or OR.

Data extraction (selection and coding)

Or use following text if using EPPI:

All references identified by the searches and from other sources will be uploaded into
EPPI reviewer and de-duplicated.

10% of the abstracts will be reviewed by two reviewers, with any disagreements resolved
by discussion or, if necessary, a third independent reviewer.

This review will make use of the priority screening functionality within the EPPI-reviewer
software.

The full text of potentially eligible studies will be retrieved and will be assessed in line
with the criteria outlined above.

A standardised form will be used to extract data from studies (see Developing NICE
guidelines: the manual section 6.4).

10% of all evidence reviews are quality assured by a senior research fellow. This
includes checking:

e papers were included /excluded appropriately

¢ a sample of the data extractions
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o correct methods are used to synthesise data
e a sample of the risk of bias assessments

Disagreements between the review authors over the risk of bias in particular studies will
be resolved by discussion, with involvement of a third review author where necessary.

Study investigators may be contacted for missing data where time and resources allow.

Risk of bias (quality) assessment

Risk of bias will be assessed using the appropriate checklist as described in Developing
NICE guidelines: the manual.

QUADAS will be used to assess diagnostic association reviews.

Strategy for data synthesis

Aggregate data on diagnostic association of signs and symptoms will be collected and
synthesized in a quantitative data analysis.

If more than one study covered the same combination of population, sign/symptom and
outcome then meta-analysis will be used to pool results. Meta-analysis will be carried out
using the generic inverse variance function on Review Manager using fixed effect model.
Data synthesis will be completed by two reviewers, with any disagreements resolved by
discussion, or if necessary a third independent reviewer.

Data from the meta-analysis will be presented and quality assessed in adapted GRADE
tables taking into account individual study quality and the meta-analysis results. The 4
main quality elements (risk of bias, indirectness, inconsistency and imprecision) will be
appraised for each sign/symptom. Publication or other bias will only be taken into
consideration in the quality assessment if it is apparent.

Heterogeneity between the studies in effect measures will be assessed using the 12
statistic. We will consider an I? value greater than 50% indicative of substantial
heterogeneity. We will conduct sensitivity analyses based on pre-specified subgroups
using stratified meta-analysis to explore the heterogeneity in effect estimates. If this does
not explain the heterogeneity, the results will be presented using random effects.

If meta-analysis is not possible or appropriate, results will be reported individually per
outcome in adapted GRADE tables.

Endnote will be used for bibliography, citations, sifting and reference management.
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Analysis of sub-groups

Subgroups that will be investigated if heterogeneity is present:

¢ Religion
e Sex
e Other autoimmune disease
Type and method of review 0 Intervention
Diagnostic
O Prognostic
g Qualitative
] Epidemiologic
O Service Delivery
] Other (please specify)
Language English
Country England
Anticipated or actual start date 14/09/2022
Anticipated completion date 01/11/2023
Stage of review at time of this submission Review stage Started Completed
Preliminary searches [ [
Piloting of the study selection [ l_
process
Formal screening of search results [ [
against eligibility criteria
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Data extraction [ [
Risk of bias (quality) assessment [ l_
Data analysis [ [

Named contact

5a. Named contact

National Guideline Centre

5b Named contact e-mail

PerniciousAnaemia@nice.nhs.uk

5e Organisational affiliation of the review

National Institute for Health and Care Excellence (NICE) and National Guideline Centre

Review team members

From the National Guideline Centre:
Carlos Sharpin [Guideline lead]

Maria Smyth [Senior systematic reviewer]
Toby Sands [Systematic reviewer]
Aamer Jawed [Health economist]
Stephen Deed [Information specialist]

Katie Tuddenham [Project manager]

Funding sources/sponsor

This systematic review is being completed by the National Guideline Centre which
receives funding from NICE.
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publicly at the start of each guideline committee meeting. Before each meeting, any
potential conflicts of interest will be considered by the guideline committee Chair and a
senior member of the development team. Any decisions to exclude a person from all or
part of a meeting will be documented. Any changes to a member's declaration of
interests will be recorded in the minutes of the meeting. Declarations of interests will be
published with the final guideline.

Collaborators

Development of this systematic review will be overseen by an advisory committee who
will use the review to inform the development of evidence-based recommendations in
line with section 3 of Developing NICE guidelines: the manual. Members of the guideline
committee are available on the NICE website: Project documents | Vitamin B12
deficiency, including pernicious anaemia: diagnosis and management | Guidance | NICE

Other registration details

Reference/URL for published protocol

https://www.crd.york.ac.uk/prospero/display record.php?ID=CRD42022360745

Dissemination plans

NICE may use a range of different methods to raise awareness of the guideline. These
include standard approaches such as:

¢ notifying registered stakeholders of publication
¢ publicising the guideline through NICE's newsletter and alerts

e issuing a press release or briefing as appropriate, posting news articles on the NICE
website, using social media channels, and publicising the guideline within NICE.

Keywords

Details of existing review of same topic by same authors

Current review status

Ongoing

Completed but not published

Completed and published

O o (g (g

Completed, published and being updated
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Discontinued

Additional information

Details of final publication

www.nice.org.uk
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Health economic review protocol

Revneyv All questions — health economic evidence

question

Objectives To identify health economic studies relevant to any of the review questions.
Search e Populations, interventions and comparators must be as specified in the clinical
criteria review protocol above.

o Studies must be of a relevant health economic study design (cost—utility analysis,
cost-effectiveness analysis, cost—benefit analysis, cost—consequences analysis,
comparative cost analysis).

¢ Studies must not be a letter, editorial or commentary, or a review of health
economic evaluations. (Recent reviews will be ordered although not reviewed. The
bibliographies will be checked for relevant studies, which will then be ordered.)

¢ Unpublished reports will not be considered unless submitted as part of a call for
evidence.

e Studies must be in English.

Search A health economic study search will be undertaken using population-specific terms
strategy and a health economic study filter — see appendix B below.

Review Studies not meeting any of the search criteria above will be excluded. Studies
strategy published before 2006, abstract-only studies and studies from non-OECD countries

or the USA will also be excluded.

Each remaining study will be assessed for applicability and methodological limitations
using the NICE economic evaluation checklist which can be found in appendix H of
Developing NICE guidelines: the manual (2014).6

Inclusion and exclusion criteria

o |f a study is rated as both ‘Directly applicable’ and with ‘Minor limitations’ then it will
be included in the guideline. A health economic evidence table will be completed
and it will be included in the health economic evidence profile.

o If a study is rated as either ‘Not applicable’ or with ‘Very serious limitations’ then it
will usually be excluded from the guideline. If it is excluded then a health economic
evidence table will not be completed and it will not be included in the health
economic evidence profile.

o If a study is rated as ‘Partially applicable’, with ‘Potentially serious limitations’ or
both then there is discretion over whether it should be included.

Where there is discretion

The health economist will make a decision based on the relative applicability and
quality of the available evidence for that question, in discussion with the guideline
committee if required. The ultimate aim is to include health economic studies that are
helpful for decision-making in the context of the guideline and the current NHS
setting. If several studies are considered of sufficiently high applicability and
methodological quality that they could all be included, then the health economist, in
discussion with the committee if required, may decide to include only the most
applicable studies and to selectively exclude the remaining studies. All studies
excluded on the basis of applicability or methodological limitations will be listed with
explanation in the excluded health economic studies appendix below.
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The health economist will be guided by the following hierarchies.
Setting:
o UK NHS (most applicable).

e OECD countries with predominantly public health insurance systems (for example,
France, Germany, Sweden).

e OECD countries with predominantly private health insurance systems (for example,
Switzerland).

¢ Studies set in non-OECD countries or in the USA will be excluded before being
assessed for applicability and methodological limitations.

Health economic study type:

o Cost—utility analysis (most applicable).

o Other type of full economic evaluation (cost—benefit analysis, cost-effectiveness
analysis, cost—consequences analysis).

o Comparative cost analysis.

¢ Non-comparative cost analyses including cost-of-illness studies will be excluded
before being assessed for applicability and methodological limitations.

Year of analysis:
e The more recent the study, the more applicable it will be.

e Studies published in 2006 or later but that depend on unit costs and resource data
entirely or predominantly from before 2006 will be rated as ‘Not applicable’.

e Studies published before 2006 will be excluded before being assessed for
applicability and methodological limitations.

Quality and relevance of effectiveness data used in the health economic analysis:

e The more closely the clinical effectiveness data used in the health economic
analysis match with the outcomes of the studies included in the clinical review the
more useful the analysis will be for decision-making in the guideline.

40
Vitamin B12 deficiency: evidence reviews for risk factors and symptoms and signs
CONFIDENTIAL [(March 2024)]



FINAL

Appendix B Literature search strategies

The literature searches for these reviews are detailed below and complied with the
methodology outlined in Developing NICE guidelines: the manual.®

For more information, please see the Methodology review published as part of the
accompanying documents for this guideline.

B.1 What are the risk factors for vitamin B12 deficiency?

B.1.1 Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies as these concepts may not be indexed or described in the
title or abstract and are therefore difficult to retrieve. Search filters were applied to the search
where appropriate.

Table 10: Database parameters, filters and limits applied
Database Dates searched Search filter used

Medline (OVID) 1946 — 14 December 2022 Observational studies
Systematic review studies
Risk
Prognostic
Diagnosis

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports)

English language
Embase (OVID) 1974 — 14 December 2022 Observational studies

Systematic review studies

Risk

Prognostic

Diagnosis

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,
conference abstracts)

English language

Medline (Ovid) search terms

‘ 1. ‘ exp Vitamin B 12 Deficiency/
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2. ((b12 or b 12 or cobalamin* or c?anocobalamin* or transcobalamin*) adj4 (deficien* or
malabsor* or absor* or lack* or diminish* or low* or level* or abnormal* or deficit or
disorder* or inadequa* or hypovitaminosis or hypo vitaminosis or avitaminosis)).ti,ab.

3. exp Macrocytic Anemia/

4. ((b12 or b 12 or macrocytic or megaloblastic or pernicious or addison*) adj3 (anemia*
or anaemia*)).ti,ab.

5. Intrinsic Factor/

6. intrinsic factor.ti,ab.

7. or/1-6

8. letter/

9. editorial/

10. news/

11. exp historical article/

12. Anecdotes as Topic/

13. comment/

14. case report/

15. (letter or comment*).ti.

16. or/8-15

17. randomized controlled trial/ or random®.ti,ab.

18. 16 not 17

19. animals/ not humans/

20. exp Animals, Laboratory/

21. exp Animal Experimentation/

22. exp Models, Animal/

23. exp Rodentia/

24, (rat or rats or mouse or mice or rodent*).ti.

25. or/18-24

26. 7 not 25

27. limit 26 to English language

28. exp Vegetarians/

29. (vegetarian® or vegan*).ti,ab,kf.

30. Malnutrition/

31. (malnutrition or malnourish*).ti,ab,kf.

32. ((poor or restrict* or lack* or deficien*) adj3 (diet* or nutrit* or food* or intake)).ti,ab,kf.

33. ((picky or fussy) adj2 (eater* or eating)).ti,ab,kf.

34. exp "Feeding and Eating Disorders"/

35. (bulimia or anorexia).ti,ab,kf.

36. ((eating or feeding or appetite or diet or food) adj3 (disorder* or aversion* or avoid* or
selectiv®)).ti,ab,kf.

37. Social Class/

38. ((socioeconomic* or socio economic*) adj2 (level* or class* or context™ or factor* or
status™)).ti,ab,kf.

39. Learning Disabilities/ or Intellectual Disability/

40. ((learning or intellectual) adj2 (difficult* or disabilit* or impairment* or disorder*)).ti,ab,kf.
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41. exp Metformin/

42. metformin*.ti,ab,kf.

43. exp Proton Pump Inhibitors/

44, proton pump inhibitor*.ti,ab,kf.

45, (dexlansoprazole or omeprazole or lansoprazole or esomeprazole or pantoprazole or
rabeprazole).ti,ab,kf.

46. PPI*.ti,ab,kf.

47. exp Colchicine/

48. colchicine*.ti,ab,kf.

49. exp Contraceptive Agents/

50. ((contraceptive* or combined) adj2 (agent* or pill* or oral or hormonal)).ti,ab,kf.

51. (Microgynon or Marvelon or Yasmin or Logynon).ti,ab,kf.

52. Anti-bacterial agents/

53. (antibacterial* or anti bacterial* or antibiotic* or anti biotic*).ti,ab,kf.

54. exp Sulfonamides/ or exp Trimethoprim/ or Demeclocycline/ or Fluoroquinolones/ or
Minocycline/ or Neomycin/ or Tetracycline/ or exp Macrolides/

55. (sulfonamide™ or tetracycline* or trimethoprim* or minocycline* or neomycin* or co-
trimoxazole™ or cotrimoxazole* or demeclocycline* or fluoroquinolone* or
macrolide*).ti,ab,kf.

56. exp Histamine H2 Antagonists/

57. ((histamine-2 or H2) adj3 (block* or antagonist*)).ti,ab,kf.

58. (burimamide or cimetidine or ranitidine or metiamide or nizatidine or
famotidine).ti,ab,kf.

59. Anticonvulsants/

60. (anticonvulsant® or anti convulsant®).ti,ab,kf.

61. Phenobarbital/ or Phenytoin/ or Valproic Acid/

62. (valproic acid or phenobarbital* or phenytoin*).ti,ab,kf.

63. (Donnatal or Solfoton).ti,ab,kf.

64. Nitrous Oxide/

65. (nitrous oxide or laughing gas).ti,ab,kf.

66. exp Bariatric Surgery/

67. ((gastric or bariatric or stomach) adj3 (surg* or procedure* or operation* or
resection*)).ti,ab,kf.

68. ((lleoceal or ileal or ileum or small bowel) adj3 (surg* or procedure™ or operation* or
resection®)).ti,ab,kf.

69. ileectom™.ti,ab,kf.

70. Aging/

71. (increasing age or aging or elderly or old age or senior* or (older adj (person or people
or patient* or adult* or grow*))).ti,ab,kf.

72. ((family or familial) adj2 histor*).ti,ab,kf.

73. Autoimmune Diseases/ or Diabetes Mellitus, Type 1/ or Thyroiditis, Autoimmune/ or
Sjogren's Syndrome/ or Vitiligo/

74. ((autoimmune or auto immune) adj3 (disease* or disorder* or condition®)).ti,ab,kf.

75. (sjogren* or vitiligo or autoimmune thyroid*).ti,ab,kf.

76. ((diabet* or dm) adj4 (mellitus or type 1 or type1 or type i or type one)).ti,ab,kf.

43

Vitamin B12 deficiency: evidence reviews for risk factors and symptoms and signs
CONFIDENTIAL [(March 2024)]




FINAL

77. exp Gastritis/

78. gastritis.ti,ab, kf.

79. Celiac Disease/

80. (coeliac* or celiac*).ti,ab,kf.

81. Radiotherapy/ and (Pelvis/ or Abdomen/)

82. ((abdominal or abdomen or pelvic or pelvis or gynecolog* or gynaecolog* or bladder)
adj3 (radiotherap™ or radio therap* or radiation* or irradiation* or RT)).ti,ab,kf.

83. or/28-82

84. 27 and 83

85. Epidemiologic studies/

86. Observational study/

87. exp Cohort studies/

88. (cohort adj (study or studies or analys* or data)).ti,ab.

89. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

90. ((longitudinal or retrospective or prospective) and (study or studies or review or analys*
or cohort* or data)).ti,ab.

91. Controlled Before-After Studies/

92. Historically Controlled Study/

93. Interrupted Time Series Analysis/

94. (before adj2 after adj2 (study or studies or data)).ti,ab.

95. exp case control study/

96. case control*.ti,ab.

97. Cross-sectional studies/

98. (cross sectional and (study or studies or review or analys™ or cohort* or data)).ti,ab.

99. or/85-98

100. Risk/

101. Risk Assessment/

102. Risk Factors/

103. Proportional hazards models/

104. Prevalence/

105. Incidence/

106. (risk* or prevalence* or incidence™ or predict* or associat*).ti,ab.

107. Logistic models/

108. (logistic adj2 model).ti,ab.

109. or/100-108

110. exp Prognosis/

111. Disease progression/

112. (prognos* or predict*).ti,ab.

113. (validat* or rule*).ti,ab.

114. ((history or variable™ or criteria or scor* or characteristic* or finding* or factor*) and
(model* or decision™ or identif*)).ti,ab.

115. (decision* and (model* or clinical*)).ti,ab.
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116. (stratification or discrimination or discriminate or c statistic or "area under the curve" or
AUC or calibration or indices or algorithm or multivariable).ti,ab.

117. ROC curve/

118. or/110-117

119. Diagnosis/

120. (diagnos* or identif*).ti,ab.

121. or/119-120

122. Meta-Analysis/

123. Meta-Analysis as Topic/

124. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

125. ((systematic* or evidence®) adj3 (review* or overview™)).ti,ab.

126. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

127. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

128. (search* adj4 literature).ab.

129. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

130. cochrane.jw.

131. ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.

132. or/122-131

133. 84 and (99 or 109 or 118 or 121 or 132)

Embase (Ovid) search terms

1.

exp B12 deficiency/

2. ((b12 or b 12 or cobalamin® or c?anocobalamin® or transcobalamin*) adj4 (deficien* or
malabsor* or absor* or lack* or diminish* or low* or level* or abnormal* or deficit or
disorder* or inadequa* or hypovitaminosis or hypo vitaminosis or avitaminosis)).ti,ab.

3. exp macrocytic anemia/

4. ((b12 or b 12 or macrocytic or megaloblastic or pernicious or addison*) adj3 (anemia*
or anaemia®)).ti,ab.

5. intrinsic factor/

6. intrinsic factor.ti,ab.

7. or/1-6

8. letter.pt. or letter/

9. note.pt.

10. editorial.pt.

11. case report/ or case study/

12. (letter or comment®).ti.

13. (conference abstract® or conference review or conference paper or conference
proceeding).db,pt,su.

14. or/8-13

15. randomized controlled trial/ or random®.ti,ab.

16. 14 not 15

17. animal/ not human/
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18. nonhuman/

19. exp Animal Experiment/

20. exp Experimental Animal/

21. animal model/

22. exp Rodent/

23. (rat or rats or mouse or mice or rodent*).ti.

24. or/16-23

25. 7 not 24

26. limit 25 to English language

27. exp vegetarian/ or vegan/ or exp vegetarian diet/

28. (vegetarian® or vegan*).ti,ab,kf.

29. exp malnutrition/

30. (malnutrition or malnourish*).ti,ab,kf.

31. ((poor or restrict* or lack* or deficien*) adj3 (diet* or nutrit* or food* or intake)).ti,ab,kf.

32. ((picky or fussy) adj2 (eater® or eating)).ti,ab,kf.

33. exp eating disorder/

34. (bulimia or anorexia).ti,ab,kf.

35. ((eating or feeding or appetite or diet or food) adj3 (disorder* or aversion* or avoid* or
selectiv®)).ti,ab,kf.

36. social class/

37. ((socioeconomic* or socio-economic*) adj2 (level* or class* or context* or factor* or
status™)).ti,ab,kf.

38. learning disorder/ or intellectual impairment/

39. ((learning or intellectual) adj2 (difficult* or disabilit* or impairment* or disorder*)).ti,ab,kf.

40. metformin/

41. metformin*.ti,ab,kf.

42. exp proton pump inhibitor/

43. (dexlansoprazole or omeprazole or lansoprazole or esomeprazole or pantoprazole or
rabeprazole).ti,ab,kf.

44, proton pump inhibitor*.ti,ab,kf.

45, PPI*.ti,ab,kf.

46. colchicine/

47. colchicine* ti,ab kf.

48. exp contraceptive agent/

49. ((contraceptive* or combined) adj2 (agent* or pill* or oral or hormonal)).ti,ab,kf.

50. (Microgynon or Marvelon or Yasmin or Logynon).ti,ab,kf.

51. antibiotic agent/

52. (antibacterial* or anti bacterial* or antibiotic* or anti biotic*).ti,ab,kf.

53. exp sulfonamide/ or tetracycline/ or trimethoprim/ or minocycline/ or neomycin/ or
cotrimoxazole/ or demeclocycline/ or exp quinolone derivative/ or exp macrolide/

54. (sulfonamide™ or tetracycline* or trimethoprim* or minocycline* or neomycin* or co-
trimoxazole* or cotrimoxazole* or demeclocycline* or fluoroquinolone* or
macrolide*).ti,ab,kf.

55. exp histamine H2 receptor antagonist/
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56. (burimamide or cimetidine or ranitidine or metiamide or nizatidine or
famotidine).ti,ab,kf.

57. ((histamine-2 or H2) adj3 (block* or antagonist™)).ti,ab kf.

58. anticonvulsive agent/

59. (anticonvulsant* or anti convulsant®).ti,ab,kf.

60. phenobarbital/ or phenytoin/ or valproic acid/

61. (valproic acid or phenobarbital* or phenytoin®).ti,ab,kf.

62. (Donnatal or Solfoton).ti,ab,kf.

63. nitrous oxide/

64. (nitrous oxide or laughing gas).ti,ab,kf.

65. exp bariatric surgery/

66. ((gastric or bariatric or stomach) adj3 (surg* or procedure* or operation* or
resection*)).ti,ab,kf.

67. ileum resection/

68. ((lleoceal or ileal or ileum or small bowel) adj3 (surg* or procedure* or operation* or
resection®)).ti,ab,kf.

69. ileectom™.ti,ab,kf.

70. aging/

71. (increasing age or aging or elderly or old age or senior* or (older adj (person or people
or patient* or adult* or grow*))).ti,ab,kf.

72. family history/

73. ((family or familial) adj2 histor*).ti,ab,kf.

74. autoimmune disease/

75. ((autoimmune or auto immune) adj3 (disease* or disorder* or condition*)).ti,ab,kf.

76. diabetes mellitus/ or autoimmune thyroiditis/ or Sjoegren syndrome/ or vitiligo/

77. ((diabet* or dm) adj4 (mellitus or type 1 or type1 or type i or type one)).ti,ab,kf.

78. (sjogren* or vitiligo or autoimmune thyroid*).ti,ab,kf.

79. exp gastritis/

80. gastritis.ti,ab,kf.

81. celiac disease/

82. (coeliac* or celiac*).ti,ab,kf.

83. abdominal radiotherapy/

84. ((abdominal or abdomen or pelvic or pelvis or gynecolog* or gynaecolog* or bladder)
adj3 (radiotherap* or radio therap* or radiation* or irradiation* or RT)).ti,ab,kf.

85. or/27-84

86. 26 and 85

87. Clinical study/

88. Observational study/

89. Family study/

90. Longitudinal study/

91. Retrospective study/

92. Prospective study/

93. Cohort analysis/

94. Follow-up/
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95. cohort®.ti,ab.

96. 94 and 95

97. (cohort adj (study or studies or analys* or data)).ti,ab.

98. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

99. ((longitudinal or retrospective or prospective) and (study or studies or review or analys*®
or cohort* or data)).ti,ab.

100. (before adj2 after adj2 (study or studies or data)).ti,ab.

101. exp case control study/

102. case control*.ti,ab.

103. cross-sectional study/

104. (cross sectional and (study or studies or review or analys™ or cohort* or data)).ti,ab.

105. or/87-93,96-104

106. risk/

107. risk assessment/

108. risk factor/

109. proportional hazards model/

110. prevalence/

111. incidence/

112. (risk* or prevalence* or incidence™ or predict* or associat*).ti,ab.

113. statistical model/

114. (logistic adj2 model).ti,ab.

115. or/106-114

116. prognosis/

117. disease exacerbation/

118. (prognos* or predict*).ti,ab.

119. (validat* or rule*).ti,ab.

120. ((history or variable* or criteria or scor* or characteristic* or finding* or factor*) and
(model* or decision™ or identif*)).ti,ab.

121. (decision* and (model* or clinical*)).ti,ab.

122. (stratification or discrimination or discriminate or c statistic or "area under the curve" or
AUC or calibration or indices or algorithm or multivariable).ti,ab.

123. ROC curve/

124. or/116-123

125. diagnosis/

126. (diagnos* or identif*).ti,ab.

127. or/125-126

128. Systematic Review/

129. Meta-Analysis/

130. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

131. ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.

132. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.
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133. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

134. (search* adj4 literature).ab.

135. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

136. cochrane.jw.

137. ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.

138. or/128-137

139. 86 and (105 or 115 or 124 or 127 or 138)

B.2 What signs and symptoms are indicative of vitamin
B12 deficiency?

B.2.1 Clinical search literature search strategy

Searches were constructed using a PICO framework where population (P) terms were
combined with Intervention (l) and in some cases Comparison (C) terms. Outcomes (O) are
rarely used in search strategies as these concepts may not be indexed or described in the
title or abstract and are therefore difficult to retrieve. Search filters were applied to the search
where appropriate.

Table 11: Database parameters, filters and limits applied
Database Dates searched Search filter used

Medline (OVID) 1946 — 14 December 2022 Systematic review studies
Observational studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports)

English language
Embase (OVID) 1974 — 14 December 2022 Systematic review studies
Observational studies

Exclusions (animal studies,
letters, comments, editorials,
case studies/reports,
conference abstracts)

English language

Medline (Ovid) search terms

1. exp Vitamin B 12 Deficiency/

2. ((b12 or b 12 or cobalamin* or c?anocobalamin* or transcobalamin®*) adj4 (deficien* or
malabsor* or absor* or lack* or diminish* or low* or level* or abnormal* or deficit or
disorder* or inadequa* or hypovitaminosis or hypo vitaminosis or avitaminosis)).ti,ab.
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3. exp Macrocytic Anemia/

4. ((b12 or b 12 or macrocytic or megaloblastic or pernicious or addison*) adj3 (anemia*
or anaemia®)).ti,ab.

5. Intrinsic Factor/

6. intrinsic factor.ti,ab.

7. or/1-6

8. letter/

9. editorial/

10. news/

11. exp historical article/

12. Anecdotes as Topic/

13. comment/

14. case report/

15. (letter or comment*).ti.

16. or/8-15

17. randomized controlled trial/ or random®.ti,ab.

18. 16 not 17

19. animals/ not humans/

20. exp Animals, Laboratory/

21. exp Animal Experimentation/

22. exp Models, Animal/

23. exp Rodentia/

24, (rat or rats or mouse or mice or rodent*).ti.

25. or/18-24

26. 7 not 25

27. limit 26 to English language

28. Fatigue/ or Asthenia/

29. (fatigue™ or asthenia or aesthenia or tired* or weak* or weary or weariness or lassitude
or debilit*).ti,ab,kf.

30. ((loss or less*) adj3 (strength or energ*)).ti,ab,kf.

31. exp Headache Disorders/

32. (headache* or head ache* or migraine*).ti,ab,kf.

33. exp Anemia/

34. (anaemi* or anemi*).ti,ab,kf.

35. (macrocytosis or megalocytosis or macrocythemia or macrocyte* or
megalocyte®).ti,ab,kf.

36. ((enlarged or large*) adj3 (erythrocyte* or red blood cell* or rbc*)).ti,ab,kf.

37. Nervous System Diseases/ or Neurobehavioral Manifestations/

38. ((neurologic* or neuropsychological* or neuro psychological* or neuropsychiatric* or
psychiatric* or neurobehavior* or neuro behavior* or neurobehaviour* or neuro
behaviour*) adj3 (disorder* or dysfunction* or manifest* or complication* or sign* or
symptom* or abnormal* or alter*)).ti,ab,kf.

39. Peripheral Nervous System Diseases/

40. neuropath®.ti,ab,kf.
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41. ((peripheral nerv* or PNS) adj3 (disease* or disorder* or dysfunction*)).ti,ab,kf.

42. exp Gait Disorders, Neurologic/

43. ((gait or standing or walking or ambulation or ambulatory or mobility or movement) adj3
(disorder* or dysfunction* or deviation* or trouble* or problem* or difficult* or instabilit*
or unstable or abnormal* or poor or unsteady)).ti,ab,kf.

44. Accidental Falls/

45. (fall or falls or fell).ti,ab,kf.

46. Cognition disorders/ or Cognitive dysfunction/ or Mood Disorders/

47. (brain fog* or irritab*).ti,ab,kf.

48. ((mental* or cognit* or mood) adj3 (disorder* or dysfunction* or impair* or alter* or
change* or disturb* or manifest* or decline or deteriorat*)).ti,ab,kf.

49. Delirium/

50. (delirium or delirious).ti,ab,kf.

51. Dementia/

52. (dementia* or amentia®).ti,ab kf.

53. Paresthesia/

54. (paresthesia* or paraesthesia* or tingl* or (pins and needles)).ti,ab,kf.

55. exp Ataxia/ or Proprioception/

56. (ataxia or ataxic or pallhypesthesia or pallhypaesthesia or proprioception or
vibrat*).ti,ab,kf.

57. Depression/

58. (depression or depressed or depressive).ti,ab,kf.

59. Anxiety/

60. (anxiety or anxious® or nervous®).ti,ab,kf.

61. Psychotic Disorders/

62. (psychosis or psychoses or psychotic).ti,ab,kf.

63. exp Glossitis/

64. (glossitis or glossitides or (tongue adj3 inflam*)).ti,ab,kf.

65. Optic Nerve Diseases/ or Optic Atrophy/ or Optic Neuropathy, Ischemic/

66. ((optic* or ophthalm*) adj3 (atroph* or neuritis or disease* or dysfunction* or disorder*
or impair* or damage* or manifest*)).ti,ab,kf.

67. ((vision or visual or sight) adj3 (blur* or loss or impair* or dysfunction* or disorder* or
disturbance)).ti,ab,kf.

68. or/28-67

69. exp "signs and symptoms"/

70. symptom assessment/

71. diagnosis/ or prognosis/

72. (clinical adj3 (manifestation* or feature* or finding* or aspect* or marker*)).ti,ab.

73. (presenting or presents or presented or presentation*).ti,ab.

74. (physical adj3 (manifestation* or characteristic* or feature* or finding*)).ti,ab.

75. (sign or signs or symptom™ or recogni* or identif* or complain®).ti,ab.

76. (diagnos™ or prognos™ or assess* or criteria® or predict*).ti,ab.

77. or/69-76

78. 27 and (68 or 77)
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79. Epidemiologic studies/

80. Observational study/

81. exp Cohort studies/

82. (cohort adj (study or studies or analys* or data)).ti,ab.

83. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

84. ((longitudinal or retrospective or prospective) and (study or studies or review or analys*
or cohort* or data)).ti,ab.

85. Controlled Before-After Studies/

86. Historically Controlled Study/

87. Interrupted Time Series Analysis/

88. (before adj2 after adj2 (study or studies or data)).ti,ab.

89. exp case control study/

90. case control*.ti,ab.

91. Cross-sectional studies/

92. (cross sectional and (study or studies or review or analys™ or cohort* or data)).ti,ab.

93. or/79-92

94. Meta-Analysis/

95. Meta-Analysis as Topic/

96. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

97. ((systematic* or evidence*) adj3 (review* or overview*)).ti,ab.

98. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

99. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

100. (search* adj4 literature).ab.

101. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

102. cochrane.jw.

103. ((multiple treatment™ or indirect or mixed) adj2 comparison*).ti,ab.

104. or/94-103

105. 78 and (93 or 104)

Embase (Ovid) search terms

1. exp B12 deficiency/

2. ((b12 or b 12 or cobalamin* or c?anocobalamin* or transcobalamin®) adj4 (deficien* or
malabsor* or absor* or lack* or diminish* or low* or level* or abnormal* or deficit or
disorder* or inadequa* or hypovitaminosis or hypo vitaminosis or avitaminosis)).ti,ab.

3. exp macrocytic anemia/

4. ((b12 or b 12 or macrocytic or megaloblastic or pernicious or addison*) adj3 (anemia*®
or anaemia*)).ti,ab.

5. intrinsic factor/

6. intrinsic factor.ti,ab.

7. or/1-6

8. letter.pt. or letter/
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9. note.pt.

10. editorial.pt.

11. case report/ or case study/

12. (letter or comment™).ti.

13. (conference abstract® or conference review or conference paper or conference
proceeding).db,pt,su.

14. or/8-13

15. randomized controlled trial/ or random®.ti,ab.

16. 14 not 15

17. animal/ not human/

18. nonhuman/

19. exp Animal Experiment/

20. exp Experimental Animal/

21. animal model/

22. exp Rodent/

23. (rat or rats or mouse or mice or rodent*).ti.

24, or/16-23

25. 7 not 24

26. limit 25 to English language

27. fatigue/ or asthenia/

28. (fatigue* or asthenia or aesthenia or tired* or weak* or weary or weariness or lassitude
or debilit*).ti,ab,kf.

29. ((loss or less*) adj3 (strength or energ*)).ti,ab,kf.

30. headache/ or migraine/

31. (headache* or head ache* or migraine*).ti,ab,kf.

32. exp anemia/

33. (anaemi* or anemi*).ti,ab,kf.

34. megalocytosis/

35. (macrocytosis or megalocytosis or macrocythemia or macrocyte* or
megalocyte*).ti,ab,kf.

36. ((enlarged or large*) adj3 (erythrocyte* or red blood cell* or rbc*)).ti,ab,kf.

37. neurologic disease/

38. ((neurologic* or neuropsychological* or neuro psychological* or neuropsychiatric* or
psychiatric* or neurobehavior* or neuro behavior* or neurobehaviour* or neuro
behaviour*) adj3 (disorder* or dysfunction* or manifest* or complication* or sign* or
symptom* or abnormal* or alter*)).ti,ab,kf.

39. peripheral neuropathy/

40. neuropath®.ti,ab,kf.

41. ((peripheral nerv* or PNS) adj3 (disease™* or disorder* or dysfunction*)).ti,ab,kf.

42. exp gait disorder/

43. ((gait or standing or walking or ambulation or ambulatory or mobility or movement) adj3
(disorder* or dysfunction* or deviation* or trouble* or problem* or difficult* or instabilit*
or unstable or abnormal* or poor or unsteady)).ti,ab,kf.

44. falling/

45. (fall or falls or fell).ti,ab,kf.
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46. cognition/ or cognitive defect/ or mood disorder/

47. (brain fog™ or irritab®).ti,ab,kf.

48. ((mental* or cognit* or mood) adj3 (disorder* or dysfunction* or impair* or alter* or
change* or disturb* or manifest* or decline or deteriorat*)).ti,ab,kf.

49. delirium/

50. (delirium or delirious).ti,ab,kf.

51. dementia/

52. (dementia* or amentia*).ti,ab,kf.

53. exp paresthesia/

54. (paresthesia* or paraesthesia* or tingl* or (pins and needles)).ti,ab,kf.

55. ataxia/ or ataxic gait/ or proprioception/ or vibration sense/

56. (ataxia or ataxic or pallhypesthesia or pallhypaesthesia or proprioception or
vibrat*).ti,ab,kf.

57. depression/

58. (depression or depressed or depressive).ti,ab,kf.

59. anxiety/

60. (anxiety or anxious* or nervous*).ti,ab,kf.

61. exp psychosis/

62. (psychosis or psychoses or psychotic).ti,ab,kf.

63. glossitis/

64. (glossitis or glossitides or (tongue adj3 inflam*)).ti,ab,kf.

65. optic nerve atrophy/

66. ((optic* or ophthalm*) adj3 (atroph* or neuritis or disease* or dysfunction* or disorder*
or impair* or damage* or manifest*)).ti,ab,kf.

67. ((vision or visual or sight) adj3 (blur* or loss or impair* or dysfunction* or disorder* or
disturbance)).ti,ab,kf.

68. or/27-67

69. symptom assessment/

70. exp symptomatology/

71. diagnosis/ or prognosis/

72. (clinical adj3 (manifestation* or feature™ or finding* or aspect* or marker*)).ti,ab.

73. (presenting or presents or presented or presentation®).ti,ab.

74. (physical adj3 (manifestation* or characteristic* or feature* or finding*)).ti,ab.

75. (sign or signs or symptom* or recogni* or identif* or complain®).ti,ab.

76. (diagnos™ or prognos™ or assess* or criteria® or predict*).ti,ab.

77. or/69-76

78. 26 and (68 or 77)

79. Clinical study/

80. Observational study/

81. Family study/

82. Longitudinal study/

83. Retrospective study/

84. Prospective study/

85. Cohort analysis/
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86. Follow-up/

87. cohort* ti,ab.

88. 86 and 87

89. (cohort adj (study or studies or analys* or data)).ti,ab.

90. ((follow up or observational or uncontrolled or non randomi#ed or epidemiologic*) adj
(study or studies or data)).ti,ab.

91. ((longitudinal or retrospective or prospective) and (study or studies or review or analys*
or cohort* or data)).ti,ab.

92. (before adj2 after adj2 (study or studies or data)).ti,ab.

93. exp case control study/

94. case control*.ti,ab.

95. cross-sectional study/

96. (cross sectional and (study or studies or review or analys* or cohort* or data)).ti,ab.

97. or/79-85,88-96

98. Systematic Review/

99. Meta-Analysis/

100. (meta analy* or metanaly* or metaanaly* or meta regression).ti,ab.

101. ((systematic* or evidence™®) adj3 (review* or overview™)).ti,ab.

102. (reference list* or bibliograph* or hand search* or manual search* or relevant
journals).ab.

103. (search strategy or search criteria or systematic search or study selection or data
extraction).ab.

104. (search* adj4 literature).ab.

105. (medline or pubmed or cochrane or embase or psychlit or psyclit or psychinfo or
psycinfo or cinahl or science citation index or bids or cancerlit).ab.

106. cochrane.jw.

107. ((multiple treatment* or indirect or mixed) adj2 comparison*).ti,ab.

108. or/98-107

109. 78 and (97 or 108)
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Appendix C Prognostic evidence study selection

C.1 Risk factors for vitamin B12 deficiency

Figure 1: Flow chart of clinical study selection for the review of risk factors for vitamin

B12 deficiency
Records identified through Additional records identified through
database searching, n=5607 other sources, n=2

A 4

Records screened in 1st sift,
n=5609

Records excluded in 15t sift,

A 4

n=5508
A 4
Full-text papers assessed for
eligibility, n=101
A 4 L
Papers included in review, n=7 Papers excluded from review, n=94

Reasons for exclusion: see Excluded
studies
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C.2 Symptoms and signs of vitamin B12 deficiency

Figure 2: Flow chart of clinical study selection for the review of symptoms and signs
of vitamin B12 deficiency

Records identified through Additional records identified through
database searching, n=4234 other sources, n=13
v
Records screened in 13t sift,
n=4247

_ | Records excluded in 1st sift,

n=4007
\ 4
Full-text papers assessed for
eligibility, n=240
VL \ 4
Papers included in review, n=0 Papers excluded from review, n=240

Reasons for exclusion: see Appendix J.
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Appendix D Prognostic evidence

D.1 Risk factors for vitamin B12 deficiency

Aroda, 2016

Bibliographic Aroda, Vanita R; Edelstein, Sharon L; Goldberg, Ronald B; Knowler, William C; Marcovina, Santica M; Orchard, Trevor J;

Reference Bray, George A; Schade, David S; Temprosa, Marinella G; White, Neil H; Crandall, Jill P; Diabetes Prevention Program
Research, Group; Long-term Metformin Use and Vitamin B12 Deficiency in the Diabetes Prevention Program Outcomes
Study.; The Journal of clinical endocrinology and metabolism; 2016; vol. 101 (no. 4); 1754-61

Study details

NA
Secondary

publication of
another included
study- see primary
study for details

Trial name / Secondary analysis of the Diabetes Prevention Program Outcomes Study

registration

number

Study type Retrospective cohort study

Study location USA

Study setting 27 study centers

Study dates Enrolment began in July 1996 and ended in May 1999, randomised to metformin, lifestyle intervention or placebo and

followed up at mean 3.2 years, then invited to participate in a follow up study in which those on metformin continued.
Vitamin B12 measured at 5 (1 year into outcomes study) and 13 (9 years into outcomes study).

Sources of funding The National Institute of Diabetes and Digestive and Kidney Diseases (NIDDK) of the National Institutes of Health is the
primary funding agency. Funding was also provided by the National Institute of Child Health and Human Development, the
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Recruitment /
selection of
participants

Inclusion criteria

Exclusion criteria

Population
subgroups
Prognostic
variable(s)

Confounders OR
Stratification
strategy

Duration of follow-
up

Indirectness

Additional
comments

National Institute on Aging, the National Eye Institute, the National Heart, Lung, and Blood Institute, the Office of Research
on Women's Health, the National Center for Minority Health and Human Disease, the Centers for Disease Control and
Prevention, and the American Diabetes Association. Bristol-Myers Squibb and Parke-Davis provided additional funding and
material support during the DPP, Lipha (Merck-Santé) provided medication, and LifeScan Inc donated materials during the
DPP and DPPOS.

Participants enrolled in the DPP and DPPOS.

Participants randomized to placebo (n = 902) or metformin (n = 898) during DPP who had available serum stored from
either DPPOS years 1 or 9 measured for vitamin B12 levels. Eligibility criteria for enrolment in DPP: impaired glucose
tolerance and fasting blood glucose of 95 to 125 mg/dL (<125 mg/dL in American Indians) who were at least 25 years of
age and had body mass index (BMI) of 24 kg/m2 or higher (=222 kg/m2 in Asian Americans).

Participants who had undergone bariatric surgery before collection of serum samples (n = 4 at DPPOS year 1, and n = 49
at year 9) were excluded.
NA

Metformin use

Age, sex, BMI, use of prescription proton pump inhibitors or prescription H2 blockers, diabetes status, weight change during
DPP/DPPOS, and treatment arm.

9 years

Serious population indirectness: prediabetes
NA
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Characteristics

Study-level characteristics

Characteristic Study (N =1)
Number of participants 1800

Nominal

% Female 67.6

Nominal

Mean age (SD) 51.2 (10)

Mean (SD)

Ethnicity 45.2% non-white

Custom value

Outcomes

Study timepoints
e Oyear

Risk of vitamin B12 deficiency per year of metformin use

Outcome DPPOS cohort vs DPPOS cohort, 9 year
Risk of vitamin B12 deficiency per year of metformin use 1.13 (1.06 to 1.2)

Odds ratio/95% ClI
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Vitamin B12 deficiency (< 203 pg/mL). Adjusted for age, sex, baseline BMI, prescription acid suppression therapy, diabetes status,
weight change at time of measurement, and treatment assignment.

Critical appraisal - QUIPS checklist

Section Question Answer
) ) High
Overall risk of Risk of (Vitamin B12 status at baseline not reported: >10% last to follow up with no description of those missing from the
z!as ?nd Bias analysis or attempts to follow up; measurement of metformin use included self-report; vitamin B12 deficiency
irectness

based on serum level alone; not all confounders accounted for; model development strategy not reported.)
Overall risk of Partially applicable

bias and Directness (study population was people at risk of diabetes (impaired glucose tolerance).)
directness
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Bermejo, 2013

Bibliographic Bermejo, Fernando; Algaba, Alicia; Guerra, lvan; Chaparro, Maria; De-La-Poza, Gema; Valer, Paz; Piqueras, Belen; Bermejo,
Reference Andrea; Garcia-Alonso, Javier; Perez, Maria-Jose; Gisbert, Javier P; Should we monitor vitamin B12 and folate levels in
Crohn's disease patients?.; Scandinavian journal of gastroenterology; 2013; vol. 48 (no. 11); 1272-7

Study details

NA
Secondary

publication of

another included
study- see primary
study for details

Other publications NA

associated with
this study included

in review

Trial name / NA

registration

number

Study location Spain

Study setting IBD outpatient clinic at two participant University Hospitals
Study dates Recruitment period over two years
Sources of funding Not reported

Recruitment / Consecutive

selection of

participants

Inclusion criteria Crohn's disease
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Exclusion criteria

Population
subgroups

Prognostic
variable(s)

Confounders OR
Stratification
strategy

Duration of follow-
up

Indirectness

Receiving supplemental vitamin B12 and/or folate or if they had a known disease which causes vitamin deficiency other
than CD (autoimmune atrophic gastritis); there were no cases of celiac disease, parasite infection or patients with strict
vegetarian diet. None of the patients were pregnant. None of the patients reported a significant consumption of alcoholic
drinks. Diagnoses of IBD were confirmed by routine clinical, radiological, endoscopic and histological criteria

Duration since ileal resection not reported
lleal (or ileocolonic) resection

CD location (Montreal classification), disease activity (Harvey—Bradshaw index), duration of CD, age and gender,
medications which could induce vitamin B12 deficiency (such as proton pump inhibitors, oral antidiabetics, neomycin,
colchicine and cholestyramine) entered into univariate analysis and significant factors remained in multivariate analysis

Unclear

Serious population indirectness: Crohn's disease

Additional NA
comments
Characteristics

Study-level characteristics

Characteristic Study (N=1)
Number of participants 180

Nominal

% Female 53

Nominal
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Characteristic Study (N =1)
Mean age (SD) 40 (13)
Mean (SD)

Outcomes

Risk of vitamin B12 deficiency with ileal resection

Outcome Crohn's disease cohort vs Crohn's disease cohort, N2 =, N1 =

Risk of vitamin B12 deficiency with ileal (or ileocolonic) resection 2.7(1.2106.7)

Odds ratio/95% ClI
Serum levels below 200 pg/ml

Critical appraisal - QUIPS checklist

Section Question Answer
High

Overall risk of bias  Risk of (B12 status at baseline (prior to/at the time of resection) not reported; those receiving B12 supplements

and directness Bias excluded; not all confounders considered; no information on missing data; significant results only reported in
text.)

Overall risk of bias _ Partially applicable

and directness Directness (cronn's disease)
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de Jager, 2010

Bibliographic de Jager, Jolien; Kooy, Adriaan; Lehert, Philippe; Wulffele, Michiel G; van der Kolk, Jan; Bets, Daniel; Verburg, Joop; Donker,
Reference Ab J M; Stehouwer, Coen D A; Long term treatment with metformin in patients with type 2 diabetes and risk of vitamin B-12
deficiency: randomised placebo controlled trial.; BMJ (Clinical research ed.); 2010; vol. 340; c2181

Study details

NA
Secondary

publication of

another included
study- see primary
study for details

Other publications NA

associated with
this study included

in review

Trial name / Hyperinsulinaemia: the Outcome of its Metabolic Effects (HOME) trial
registration

number

Study location The Netherlands

Study setting three non-academic hospitals

Study dates not reported

Sources of funding Grants from Altana, Lifescan, Merck Santé, Merck Sharp & Dohme, and Novo Nordisk. The sponsors had no role in the
design and conduct of the study; in the collection, analysis, and interpretation of the data; or in the preparation, review, or
approval of the manuscript.

Recruitment / Recruited from outpatient clinics, no further details.
selection of
participants
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Inclusion criteria  Aged 30-80 years with type 2 diabetes who were receiving treatment with insulin.
Exclusion criteria 5 cases in which there was a large discrepancy in vitamin B12 measurements.

Population NA

subgroups

Prognostic Metformin use

variable(s)

Confounders OR  Study design means that confounding factors should be comparable between groups. There was a reported difference in
Stratification age between groups (64110 years v 59111 years). Effects on B12 concentrations were adjusted for age, previous

strategy metformin treatment, duration of diabetes, gender, insulin dose, and smoking habits, but did not alter the results. Therefore,

unadjusted HRs have been extracted.
Duration of follow- 52 months

up

Indirectness Serious population indirectness: adults with insulin treated diabetes
Additional NA

comments

Study arms

Metformin (N = 196)
850 mg metformin three times a day for 4.3 years

Placebo (N = 194)
Placebo three times a day for 4.3 years
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Characteristics

Study-level characteristics

Characteristic
Number of participants

Nominal

Arm-level characteristics

Characteristic Metformin (N = 196)
% Female 69
Nominal
Mean age (SD) (years) 64 (10)
Mean (SD)
Outcomes

Study timepoints
e 52 month
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Risk of vitamin B12 deficiency with metformin

Outcome Metformin vs Placebo, 52 month, N2 = 194, N1 = 191

Risk of vitamin B12 deficiency with metformin (pmol/L) 5.5 (1.6 to 19.1)
vitamin B-12 concentration below the value of 150 pmol/l

Hazard ratio/95% CI

Critical appraisal - QUIPS checklist

Section Question Answer
High

Overall risk of Risk of (Those with vitamin B-12 concentrations < 150 pmol/l at baseline, interim analysis, or at both time points were

b!as and Bias excluded from analyses after 16 weeks; unclear measurement of adherence to metformin treatment; reported

directness difference in age between groups, effects of which were investigated for B12 concentrations but not for deficiency
outcome; high rate of missing outcome data at final visit)

Overall risk of . Partially applicable

bias and Directness nsulin treated type 2 diabetes)

directness
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Headstrom, 2008

Bibliographic Headstrom, Peggy D; Rulyak, Stephen J; Lee, Scott D; Prevalence of and risk factors for vitamin B(12) deficiency in
Reference patients with Crohn's disease.; Inflammatory bowel diseases; 2008; vol. 14 (no. 2); 217-23
Study details
NA
Secondary

publication of

another included
study- see primary
study for details

Other publications NA

associated with
this study included

in review

Trial name / NA

registration

number

Study location USA

Study setting Inflammatory Bowel Disease Center at a single University (medical record review)
Study dates July 1, 2001 to August 1, 2005

Sources of funding not reported

Recruitment / All patients with a diagnosis of CD who were evaluated in the Inflammatory Bowel Disease Center at the University
selection of between July 1, 2001 to August 1, 2005

participants

Inclusion criteria  Diagnosis of CD confirmed by review of clinical, laboratory, endoscopic, histologic, and radiographic information.

Exclusion criteria  Previously diagnosed with B12 deficiency or receiving supplemental B12 at the time of initial visit; known cause of B12
deficiency other than inflammatory bowel disease; single visit to the center for a second opinion.
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Population
subgroups

Prognostic
variable(s)

Confounders OR
Stratification
strategy

Duration of follow-
up

Indirectness

no information on duration since surgery
Prior ileal resection

Age, sex, race, duration of disease, disease location, and prior surgery.

Unclear

Serious population indirectness: Crohn's disease

Additional NA
comments
Characteristics

Study-level characteristics

Characteristic Study (N =1)
Number of participants 201

Nominal

% Female 56.2

Nominal

Mean age (SD)

Custom value
Mean age (SD)

less than 20: 9%

20-29: 28.9%
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Characteristic Study (N =1)
Custom value
Mean age (SD) 30-39: 22.9%

Custom value
Mean age (SD) 40-49: 20.4%

Custom value
Mean age (SD) 50-59: 13.9%

Custom value
Mean age (SD) 60+: 5%

Custom value
Ethnicity 93.5% White; 3.5% African-American; 3% other

Custom value

Outcomes

Risk of vitamin B12 deficiency with ileal resection

Outcome Crohn's disease cohort vs Crohn's disease cohort
Risk of vitamin B12 deficiency with prior ileal resection 7.22 (1.97 to 26.51)

Odds ratio/95% ClI

Values from 180 —223 pg/mL considered indeterminate and values <180 pg/mL considered deficient. For the primary analysis, B12
concentrations <224 pg/mL considered abnormal because practice is to offer replacement at this concentration.
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Critical appraisal - QUIPS checklist

Section Question Answer
High

Overall risk of bias Risk of (Unclear duration between prognostic factor and outcome; adjusted for some but not all key confounders; limited

and directness Bias information on measurement of prognostic and confounding factors; definition of deficiency based on serum
values only and includes indeterminate range)

Overall risk of bias Partially applicable

and directness Directness population: Crohn's disease)
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Lam, 2013

Bibliographic Lam, Jameson R; Schneider, Jennifer L; Zhao, Wei; Corley, Douglas A; Proton pump inhibitor and histamine 2 receptor
Reference antagonist use and vitamin B12 deficiency.; JAMA; 2013; vol. 310 (no. 22); 2435-42
Study details
NA
Secondary

publication of

another included
study- see primary
study for details

Other publications NA

associated with
this study included

in review

Trial name / NA

registration

number

Study location USA

Study setting Electronic database covering the Kaiser Permanente Northern California integrated healthcare system (3.3 million
members)

Study dates diagnosis of vitamin B12 deficiency between January 1997 and June 2011

Sources of funding This project was supported by a Kaiser Permanente Community Benefit grant.

Recruitment / Case patients meeting the inclusion criteria and up to 10 matched control patients randomly selected.

selection of

participants
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Inclusion criteria

Exclusion criteria

Population
subgroups

Prognostic
variable(s)

Confounders OR
Stratification
strategy

Duration of follow-
up
Indirectness

Cases were at least 18 years of age, had at least 1 year of membership prior to the index date, and had an initial diagnosis
of vitamin B12 deficiency between January 1997 and June 2011. Controls were chosen from among all eligible adult
members who lacked a diagnosis of vitamin B12 deficiency at the time of the case diagnosis.

Case patients lacking matched controls, potential cases and controls with diagnoses known to directly cause vitamin B12
deficiency, and potential cases and controls who had taken PPls or H2RAs for < 2 years.

NA
At least a 2-year supply of proton pump inhibitors or H2 receptor antagonists prior to the index date

Controls matched by sex, region of home facility, race/ ethnicity, year of birth within 1 year of the matched case, and
membership duration (rounded to year) within 1 year. Conditions associated with vitamin B12 deficiency, other medications
known to be associated with vitamin B12 deficiency or with the treatment of associated conditions, health service utilization,
other commonly used medications, gastroesophageal reflux disease all entered into the original model but not significant.

Unclear

No indirectness

Additional Strongest association between PPl and deficiency among those < 30 years (OR, 8.12 [95% CI, 3.36-19.59]) and decreased
comments with increasing age (OR, 1.04 [95% CI, 0.96-1.13] for ages =80 years)
Study arms

Cases (N = 25956)
diagnosis of B12 deficiency

Controls (N = 184199)
matched controls (by sex, region of home facility, race/ethnicity, year of birth within 1 year of the matched case, and membership
duration (rounded to year) within 1 year)
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Characteristics

Study-level characteristics

Characteristic Study (N = 1)
Number of participants 210155
Nominal

Arm-level characteristics

Characteristic Cases (N = 25956) Controls (N = 184199)
% Female 57.4
56.9
Nominal
Mean age 2.9% less than 30, 6.2% 30-39, 9.8% 40-49, 13.9% 50-59,
(SD) 18.5% 60-69, 24.8% 70_79, 20.2% 80-89, 3.7% 3.6% less than 30, 7.1% 30-39, 10.1% 40-49, 14.8% 50-59,

18.7% 60-69, 23.8% 70-79, 18.1% 80-89, 3%
Custom value
Ethnicity 68.4% White, 10.1% Hispanic, 4.5% Black, 7.7% Asian/Pacific

Islander, 4.8% multiracial, 4.5% other/u 69.4% White, 9% Hispanic, 4.3% Black, 7.8% Asian/Pacific

SuEGT vEUE Islander, 4.1% multiracial, 5.4% other/u
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Outcomes

Risk of vitamin B12 deficiency

Outcome Cases vs Controls

Risk of vitamin B12 deficiency with proton pump inhibitors 1.65 (1.58 to 1.73)

Odds ratio/95% ClI
Risk of vitamin B12 deficiency with H2RAs 1.25(1.17 to 1.34)

Odds ratio/95% CI

Vitamin B12 deficiency was defined as the presence of 1 of the following: the first diagnostic code for vitamin B12 deficiency, using
International Classification of Diseases, Ninth Revision codes 281.0 (pernicious anaemia), 281.1 (other vitamin B12deficiency
anaemia), 266.2 (specified at KPNC as vitamin B12 deficiency), or specific text diagnoses of vitamin B12 deficiency in the problem list;
an abnormally low value for serum vitamin B12; or a new and at least 6-month supply of injectable vitamin B12 supplements.
Sensitivity analyses were performed for the different case definitions.

Critical appraisal - QUIPS checklist

Section Question Answer
High

Overall risk of bias  Risk of (Unclear duration of follow up; medication duration <2 years and OTC medications not included in the analysis;

and directness Bias not all key confounders considered/measurable due to study design; analytical strategy described, but results
not fully reported)

Overall risk of bias Directly applicable

and directness Directness
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Shivaprasad, 2020

Bibliographic Shivaprasad, Channabasappa; Gautham, Kolla; Ramdas, Barure; Gopaldatta, Kolli S; Nishchitha, Krishnamurthy; Metformin
Reference Usage Index and assessment of vitamin B12 deficiency among metformin and non-metformin users with type 2 diabetes
mellitus.; Acta diabetologica; 2020; vol. 57 (no. 9); 1073-1080

Study details

NA
Secondary

publication of

another included
study- see primary
study for details

Other publications NA

associated with
this study included

in review

Trial name / NA

registration

number

Study type Retrospective cohort study

Study location India

Study setting Outpatient clinic of the Department of Endocrinology, single centre

Study dates January 2018 to November 2019.

Sources of funding This research did not receive any specific grant from funding agencies in the public, commercial, or not-for the profit
sectors.

Recruitment / Consecutive patients meeting the inclusion criteria.

selection of

participants
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Inclusion criteria 220 and <65 years of age; T2D diagnosed as per the American Diabetes Association criteria; had not consumed any
vitamin B12-containing supplement within the past 6 months

Exclusion criteria Diagnosed with type 1 diabetes mellitus; secondary causes of diabetes; newly diagnosed with T2D (<3 months); received
vitamin B12 supplementation or proton-pump inhibitors over the last 6 months; hypothyroidism, pernicious anaemia,
inflammatory bowel disease, and other causes of malabsorption; alcohol use disorder; undergone surgical interventions
including gastrectomy and colectomy.

Population NA
subgroups
Prognostic Metformin (metformin usage index - product of the dose of metformin (mg) used and its duration divided by 1000)
variable(s)
Age

Confounders OR  Age, MUI, duration, BMI, and HbA1c (gender also considered in univariate analysis).
Stratification

strategy
Duration of follow- Unclear
up
Indirectness Serious population indirectness: type 2 diabetes
Additional NA
comments
Characteristics
Study-level characteristics
Characteristic Study (N =1)
Number of participants 2887
Nominal
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Characteristic Study (N =1)
% Female 33.9
Nominal
Mean age (SD) 48.9 (8.8)
Mean (SD)

Outcomes

Risk of vitamin B12 deficiency (absolute and borderline)

Outcome Type 2 diabetes cohort vs Type 2 diabetes cohort
Risk of vitamin B12 deficiency with MUI <5 1.37 (0.88 to0 2.16)

Odds ratio/95% ClI
Risk of vitamin B12 deficiency with MUI more than 5 3.56 (2.29 to 5.51)

Odds ratio/95% ClI
Risk of vitamin B12 deficiency with MUI >10 5.12 (3.12 t0 8.38)

Odds ratio/95% ClI
Risk of vitamin B12 deficiency with MUl >15 6.74 (4.39to 10.4)

Odds ratio/95% ClI
Absolute deficiency <200 pg/ml, borderline deficiency 200—-300 pg/ml, and normal levels>300 pg/ml.
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Critical appraisal - QUIPS checklist

Section Question Answer
) ) High
Overall risk of Risk of (Vitamin B12 status at baseline (prior to risk factors) not reported and those receiving supplements were excluded;
bias and Bias unclear measurement of metformin use (based on clinical records - no further detail); no information on missing
directness data; unclear whether borderline deficiency is included in deficiency outcome (appears so))
Overall risk of _ Partially applicable
bias and Directness (sydy population: type 2 diabetes)
directness
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Ward, 2015

Bibliographic Ward, M.G.; Kariyawasam, V.C.; Mogan, S.B.; Patel, K.P.; Pantelidou, M.; Sobczynska-Malefora, A.; Porte, F.; Griffin, N.;
Reference Anderson, S. H. C; Sanderson, J.D.; Harrington, D.J.; Irving, P.M.; Prevalence and risk factors for functional b12 deficiency in
patients with Crohn's disease; Inflammatory bowel diseases; 2015; vol. 21 (no. 12); 2839-47

Study details

NA
Secondary

publication of

another included
study- see primary
study for details

Other publications NA

associated with
this study included

in review

Trial name / NA

registration

number

Study location UK

Study setting IBD service, single centre

Study dates January 2012 to March 2013

Sources of funding Not reported

Recruitment / All patients with Crohn's disease who had holoTC measured between January 2012 and March 2013, identified
selection of retrospectively by review of the electronic patient record.
participants

Inclusion criteria  Crohn's disease who had holoTC measured between January 2012 and March 2013.
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Exclusion criteria

Population
subgroups

Prognostic
variable(s)

Confounders OR
Stratification
strategy

Duration of follow-
up
Indirectness

Receiving vitamin B12 replacement or with a history of vitamin B12 deficiency unrelated to IBD or those who had
undergone previous gastrectomy or IBD-unclassified.

Duration since procedure: not reported
lleal resection

Age, gender, smoking status, disease phenotype, current treatment with immunomodulators (thiopurines, methotrexate, or
tioguanine) or anti—tumour necrosis factor agents (infliximab or adalimumab), disease duration, ileal resection length (0, 1—
20, and .20 cm), and disease activity were entered into a forward stepwise model. Variables with P < 0.1 were initially
entered into the model, and variables with P < 0.05 were retained in the model.

Unclear

Serious population indirectness: ileal resection as a risk factor for deficiency in people with Crohn's disease only.

Additional NA
comments
Characteristics

Study-level characteristics

Characteristic Study (N =1)
Number of participants 381

Nominal

% Female 49

Nominal

Mean age (SD)

35 (29 to 47)
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Characteristic Study (N =1)
Median (IQR)

Outcomes

Risk of vitamin B12 deficiency with ileal resection

Outcome Crohn's disease cohort vs Crohn's disease cohort

Risk of vitamin B12 deficiency with ileal resection 0-20cm vs. none 3 (1.51t06)
n=292 included in the multivariate analysis

Odds ratio/95% CI

Risk of vitamin B12 deficiency with ileal resection >20cm 6.7 (3to 15)
n=292 included in the multivariate analysis

Odds ratio/95% CI

A value <25 pmol/L was defined as B12 deficiency and >50 pmol/L considered replete. Values between 25 and 50 pmol/L were
classified as intermediate and underwent MMA analysis, subject to an estimated glomerular filtration rate of >60 mL.min-1.1.73 m-2,
using liquid chromatography—tandem mass spectrometry with electrospray ionization as previously described. MMA values >280
nmol/L confirmed B12 deficiency in patients <65 years old, or >360 nmol/L in patients >65 years old. Serum B12 was measured using
the ARCHITECT assay (Abbott Diagnostics). Patients with values <107 pmol/L were defined as B12 deficient as per local laboratory
ranges. A separate analysis was performed using the National Health and Nutrition Evaluation Survey serum B12 cut-off for
diagnosing B12 deficiency of <147 pmol/L.
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Critical appraisal - QUIPS checklist

Section Question Answer
. . , Moderate
Overall risk of bias  Risk of (vitamin B12 status at baseline not reported, although history of diagnosed deficiency excluded; retrospective
and directness Bias chart review with unclear duration between prognostic factor and outcome; not all key confounders
measured/adjusted for)
Overall risk of bias _ Partially applicable
and directness Directness (styqy population: Crohn's disease)

D.2 Symptoms and signs of vitamin B12 deficiency

No evidence identified.
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Appendix E  Forest plots

E.1 Risk factors for vitamin B12 deficiency

E.1.1 Metformin (randomised controlled trials)

Figure 3: Metformin use for predicting vitamin B12 deficiency (<150 pmol/l)

Hazard Ratio Hazard Ratio
Study or Subgroup log[Hazard Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
de Jager 2010 1.7047 0.63 100.0% 5.50[1.60, 18.91]

Total (95% ClI) 100.0% 5.50 [1.60, 18.91] ——

0.05 0.2 1 5 20
Favours metformin  Favours placebo

Heterogeneity: Not applicable
Test for overall effect: Z=2.71 (P = 0.007)

E.1.2 Metformin (prospective cohort studies)

Figure 4: Metformin use per year for predicting vitamin B12 deficiency (< 203 pg/mL)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Aroda 2016 0.1222 0.0326 100.0% 1.13[1.06, 1.20]
Total (95% CI) 100.0% 1.13[1.06, 1.20] ‘
! | | | | |
Heterogeneity: Not applicable ! T T J T T 1
9 Y PP 0.1 0.2 0.5 1 2 5 10

Testfor overall effect: Z = 3.75 (P = 0.0002) Favours metformin  Favours no metformin
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E.1.3 Metformin (retrospective cohort studies)

Figure 5: Metformin (metformin usage index) for predicting vitamin B12 deficiency
(<200 pg/ml or borderline deficiency 200-300 pg/ml)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
1.3.1 Metformin usage index <5
Shivaprasad 2020 0.3148 0.2258 100.0%  1.37[0.88, 2.13] i
Subtotal (95% Cl) 100.0% 1.37 [0.88, 2.13]

Heterogeneity: Not applicable
Test for overall effect: Z=1.39 (P = 0.16)

1.3.2 Metformin usage index >5
Shivaprasad 2020 1.2698 0.2251 100.0%  3.56 [2.29, 5.53] i
Subtotal (95% CI) 100.0% 3.56 [2.29, 5.53]

Heterogeneity: Not applicable

Test for overall effect: Z = 5.64 (P < 0.00001)

1.3.3 Metformin usage index >10
Shivaprasad 2020 1.6332 0.2527 100.0% 5.12[3.12, 8.40] i
Subtotal (95% CI) 100.0% 5.12 [3.12, 8.40]

Heterogeneity: Not applicable

Test for overall effect: Z = 6.46 (P < 0.00001)

1.3.4 Metformin usage index >15
Shivaprasad 2020 1.9081 0.2187 100.0% 6.74[4.39, 10.35] 1
Subtotal (95% CI) 100.0% 6.74 [4.39, 10.35]

Heterogeneity: Not applicable

Test for overall effect: Z = 8.72 (P < 0.00001)

T T
0.1 0.2 0.5 1 2 5 10
Favours metformin  Favours no metformin

E.1.4 Proton pump inhibitors (case-control studies)

Figure 6: Proton pump inhibitor (at least a 2-year supply prior to the index date) for
predicting vitamin B12 deficiency (diagnostic code for deficiency/specific
text diagnoses/low serum B12/new at least 6-month supply of injectable

B12)
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Lam 2013 0.5008 0.0221 100.0% 1.65[1.58, 1.72]
Total (95% CI) 100.0% 1.65[1.58,1.72] ‘
! | | | | |
Heterogeneity: Not applicable ! T T T T !
9 y PP 0.1 0.2 0.5 1 2 5 10

Test for overall effect: Z = 22.66 (P < 0.00001) Favours PPl Favours no PPI
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E.1.5 H2 antagonists (case-control studies)

Figure 7: H2 antagonists (at least a 2-year supply prior to the index date) for
predicting vitamin B12 deficiency (diagnostic code for deficiency/specific
text diagnoses/low serum B12/new at least 6-month supply of injectable

B12)
Odds Ratio Odds Ratio
Study or Subgroup  log[Odds Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Lam 2013 0.2231 0.0337 100.0% 1.25[1.17,1.34]
Total (95% CI) 100.0% 1.25[1.17,1.34] ’
! | | | | |

Heterogeneity: Not applicable ! T T T T !

9 y PP 0.1 02 0.5 1 2 5 10

Test for overall effect: Z = 6.62 (P < 0.00001) Favours H2RA Favours no H2RA

E.1.6 lleal resection (retrospective cohort studies)

Figure 8: Previous ileal or ileocolonic resection for predicting vitamin B12 deficiency
(< 200 pg/ml)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight 1V, Fixed, 95% CI IV, Fixed, 95% CI
Bermejo 2013 0.9933 0.4137 100.0% 2.70[1.20, 6.07]
Total (95% CI) 100.0% 2.70 [1.20, 6.07] ’
I ] ] ] ] |
Heterogeneity: Not applicable I T T I I 1
9 Y PP 0.1 0.2 0.5 1 2 5 10

Test for overall effect: 2 = 2.40 (P = 0.02) Favours ileal resection  Favours no resection

Figure 9: Prior ileal resection for predicting vitamin B12 deficiency (<25 pmol/L Values
25-50 pmol/L underwent MMA analysis. See study details)
Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight IV, Fixed, 95% CI IV, Fixed, 95% CI
4.2.1 Resection 0-20cm

Ward 2013 1.0986 0.3537 100.0%  3.00 [1.50, 6.00]
Subtotal (95% CI) 100.0% 3.00 [1.50, 6.00]

Heterogeneity: Not applicable
Test for overall effect: Z=3.11 (P = 0.002)

4.2.2 Resection >20cm

Ward 2013 1.9021 0.41 100.0% 6.70[3.00, 14.96]
Subtotal (95% Cl) 100.0% 6.70 [3.00, 14.96]

Heterogeneity: Not applicable
Test for overall effect: Z = 4.64 (P < 0.00001)
! 1 1 ]
I T T 1
0.05 0.2 1 5 20
Favours ileal resection  Favours no resection
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Figure 10: Prior ileal resection for predicting vitamin B12 deficiency (<224 pg/mL)

Odds Ratio Odds Ratio
Study or Subgroup log[Odds Ratio] SE Weight |V, Fixed, 95% CI IV, Fixed, 95% CI
Headstrom 2008 1.9769 0.6627 100.0% 7.22[1.97, 26.46]
Total (95% Cl) 100.0% 7.22 [1.97, 26.46] —e
] ] ] ]
Heterogeneity: Not applicable I T T T
9 Y 0.05 0.2 1 5 20

Test for overall effect: Z = 2.98 (P = 0.003) Favours ileal resection  Favours no resection

E.2 Symptoms and signs of vitamin B12 deficiency

No evidence identified.
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Appendix F GRADE tables

F.1 Risk factors for vitamin B12 deficiency

Table 12: Clinical evidence profile: metformin (randomised controlled trials)

Quality assessment Effect
Quality
Other considerations Pooled effect
Number of studies Design Risk of bias Inconsistency Indirectness | Imprecision (including publication bias where (95% Cl)
possible) °

Metformin use for predicting vitamin B12 deficiency (<150 pmol/l) (insulin treated type 2 diabetes)

1 randomised studies |very serious’ [no serious inconsistency  |serious? no serious none HR: 5.5 (1.6 to 18.91) | VERY LOW

imprecision

"Downgraded by two increments due to very high risk of bias (those with vitamin B-12 concentrations < 150 pmol/l at baseline, interim analysis, or at both time points were excluded from analyses after

16 weeks; unclear measurement of adherence to metformin treatment; reported difference in age between groups, effects of which were investigated for B12 concentrations but not for deficiency

outcome; high rate of missing outcome data at final visit)
2 Downgraded by 1 increment due to serious population indirectness (applicability limited to those with insulin treated type 2 diabetes).

Table 13: Clinical evidence summary: metformin (prospective cohort studies)

Quality assessment Effect
Quality
Other considerations Pooled effect
Number of studies Design Risk of bias Inconsistency Indirectness | Imprecision (including publication bias where (95% Cl)
possible) °
Metformin use per year for predicting vitamin B12 deficiency (< 203 pg/mL) (impaired glucose tolerance)
1 cohort studies |very serious' |no serious inconsistency |serious? no serious none Adjusted OR: 1.13 (1.06 to 1.2) [VERY LOW
imprecision

"Downgraded by two increments due to very high risk of bias (vitamin B12 status at baseline not reported; >10% last to follow up with no description of those missing from the analysis or attempts to

follow up; measurement of metformin use included self-report; vitamin B12 deficiency based on serum level alone; not all confounders accounted for; model development strategy not reported)
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2Downgraded by 1 increment due to serious population indirectness (applicability limited to those with impaired glucose tolerance).

Table 14: Clinical evidence summary: metformin (retrospective cohort studies)

Quality assessment Effect
Quality
Other considerations Pooled effect
Number of studies Design Risk of bias Inconsistency Indirectness| Imprecision (including publication bias where (95% Cl)
possible) °
Metformin (metformin usage index <5) for predicting vitamin B12 deficiency (<200 pg/ml or borderline deficiency 200-300 pg/ml (type 2 diabetes)
1 cohort studies |very serious’ |no serious inconsistency [serious? serious® none Adjusted OR: 1.37 (0.88 to 2.13) VERY LOW
Metformin (metformin usage index >5) for predicting vitamin B12 deficiency (<200 pg/ml or borderline deficiency 200-300 pg/ml) (type 2 diabetes)
1 cohort studies |very serious’ |no serious inconsistency [serious? no serious none Adjusted OR: 3.56 (2.29 to 5.53) VERY LOW
imprecision
Metformin (metformin usage index >10) for predicting vitamin B12 deficiency (<200 pg/ml or borderline deficiency 200-300 pg/ml) (type 2 diabetes)
1 cohort studies |very serious’ |no serious inconsistency [serious? no serious none Adjusted OR: 5.12 (3.12 t0 8.4) VERY LOW
imprecision
Metformin (metformin usage index >15) for predicting vitamin B12 deficiency (<200 pg/ml or borderline deficiency 200—-300 pg/ml) (type 2 diabetes)
1 cohort studies |very serious’ |no serious inconsistency [serious? no serious none Adjusted OR: 6.74 (4.39 to 10.35) [VERY LOW
imprecision

metformin use (based on clinical records - no further detail); no information on missing data; unclear whether borderline deficiency is included in deficiency outcome (appears so))
2 Downgraded by one increment due to serious population indirectness (applicability limited to those with type 2 diabetes)
3 Downgraded by one increment due to imprecision if the confidence interval crossed the null line

Table 15: Clinical evidence summary: proton pump inhibitors (case control studies)

" Downgraded by two increments due to very high risk of bias (vitamin B12 status at baseline (prior to risk factors) not reported and those receiving supplements were excluded; unclear measurement of

Quality assessment

Effect

Quality
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Number of studies

Design

Risk of bias

Inconsistency

Indirectness

Imprecision

Other considerations

(including publication bias where

possible)

Pooled effect
(95% Cl)

Proton pump inhibitor (at least a 2-year supply prior to the index date) for predicting vitamin B12 defi
y of injectable B12) (B12 deficiency cases and matched controls from an electronic database)

ciency (diagnostic code for deficiency/specific text dia

gnoses/low serum B12/new at

least 6-month suppl

1 cohort studies

very serious’

no serious inconsistency

no serious indirectness

no serious
imprecision

none

OR: 1.65 (1.58 to 1.72)

LOW

considered/measurable due to study design; analytical strategy described, but results not fully reported)

Table 16: Clinical evidence summary: H2 receptor antagonists (case control studies)

" Downgraded by two increments due to very high risk of bias (unclear duration of follow up; medication duration <2 years and OTC medications not included in the analysis; not all key confounders

Quality

assessment

Effect

Number of studies

Design

Risk of bias

Inconsistency

Indirectness

Imprecision

(including publication bias where

Other considerations

possible)

Pooled effect
(95% Cl)

Quality

least 6-month suppl

H2 receptor antagonists (at least a

2-year supply prior to the index date) for
y of injectable B12) (B12 deficiency cases and matched controls from an electronic database)

predicting vitamin B12 deficiency (diagn

ostic code for deficiency/specific text diagnoses/low serum B12/new at|

Low

1 cohort studies

very serious’

no serious inconsistency

no serious indirectness

no serious

imprecision

none

OR: 1.25 (1.17 to 1.34)

considered/measurable due to study design; analytical strategy described, but results not fully reported)

Table 17: Clinical evidence summary: lleal resection (retrospective cohort studies)

" Downgraded by two increments due to very high risk of bias (unclear duration of follow up; medication duration <2 years and OTC medications not included in the analysis; not all key confounders

Quality assessment

Effect

Other considerations

Pooled effect

Quality

Number of studies Design Risk of bias Inconsistency Indirectness| Imprecision (including publication bias where (95% Cl)
possible) °
Previous ileal or ileocolonic resection for predicting vitamin B12 deficiency (< 200 pg/ml) (Crohn’s disease)
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1 cohort studies |very serious' |no serious inconsistency [serious? no serious none Adjusted OR: 2.7 (1.2 to 6.07) VERY LOW
imprecision

Prior ileal resection 0-20cm for predicting vitamin B12 deficiency (<25 pmol/L Values 25-50 pmol/L underwent MMA analysis. See study details) (Crohn’s disease)

1 cohort studies |serious® no serious inconsistency [serious? no serious none Adjusted OR: 3 (1.5 to 6) LOW
imprecision

Prior ileal resection >20cm for predicting vitamin B12 deficiency (<25 pmol/L Values 25-50 pmol/L underwent MMA analysis. See study details) (Crohn’s disease)

1 cohort studies |serious® no serious inconsistency [serious? no serious none Adjusted OR: 6.7 (3 to 14.96) LOW
imprecision

Prior ileal resection for predicting vitamin B12 deficiency (<224 pg/mL) (Crohn’s disease)

1 cohort studies |very serious* |no serious inconsistency [serious? no serious none Adjusted OR: 7.22 (1.97 to 26.46) [VERY LOW
imprecision

" Downgraded by two increments due to very high risk of bias (B12 status at baseline (prior to/at the time of resection) not reported; those receiving B12 supplements excluded; not all confounders
considered; no information on missing data; significant results only reported in text)

2 Downgraded by one increment due to serious population indirectness (applicability limited to those with Crohn’s disease)

3 Downgraded by one increment due to high risk of bias (vitamin B12 status at baseline not reported, although history of diagnosed deficiency excluded; retrospective chart review with unclear duration

between prognostic factor and outcome; not all key confounders measured/adjusted for)
4 Downgraded by two increments due to very high risk of bias (unclear duration between prognostic factor and outcome; adjusted for some but not all key confounders; limited information on

measurement of prognostic and confounding factors; definition of deficiency based on serum values only and includes indeterminate range)

F.2 Symptoms and signs of vitamin B12 deficiency

No evidence identified.
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Appendix G Economic evidence study selection
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FINAL

o N
Records identified through database Additional records identified through other sources:
searching, n=171 reference searching, n=2
\, J
< |
\ 4
Records screened in 13t sift, n=173
| Records excluded* in 1% sift, n=164
\ 4
Full-text papers assessed for eligibility
in 2" sift, n=9
Papers excluded* in 2" sift, n=4
\ 4 -
N
Full-text papers assessed for
applicability and quality of
methodology, n=5
J

\ 4

ﬂapers included, n=4

(4 studies)

~

Studies included by review:

e Q1.1 Info (diet): n=0

e Q1.2 Info (absorption):
n=0

o Q2.1 Suspected
deficiency: n=0

e Q3.1 B12 Test accuracy
n=0

e Q3.2 B12 Test selection:
n=1 (also used for 5.1)

e Q4.1 Cause test accuracy
n=0

e Q4.2 Cause test selection:
n=0

e Q5.1 B12 treatment n=3

e Q5.2 HCP/self-
administration n=0

e Q6.1 Follow up frequency:
n=0

e Q6.1 Follow up content:
n=0

Ko Q7.1 Gastric cancer n=1 /

\ 4

\ 4

ﬂapers selectively excluded,mapers excluded, n=1

n=0

Studies selectively excluded

by review:

e Q1.1 Info (diet): n=0

¢ Q1.2 Info (absorption): n=0

e Q2.1 Suspected deficiency:
n=0

e Q3.1 B12 Test accuracy
n=0

e Q3.2 B12 Test selection:
n=0

e Q4.1 Cause test accuracy
n=0

e Q4.2 Cause test selection:
n=0

e Q5.1 B12 treatment n=0

e Q5.2 HCP/self-
administration n=0

¢ Q6.1 Follow up frequency:
n=0

e Q6.1 Follow up content:
n=0

¥ Q7.1 Gastric cancer n=0 A

DN

Studies excluded by review:

¢ Q1.1 Info (diet): n=0

¢ Q1.2 Info (absorption):
n=0

e Q2.1 Suspected
deficiency: n=0

e Q3.1 B12 Test accuracy
n=0

e Q3.2 B12 Test selection:
n=0

¢ Q4.1 Cause test accuracy
n=0

e Q4.2 Cause test selection:
n=0

e Q5.1 B12 treatment n=1

e Q5.2 HCP/self-
administration n=0

e Q6.1 Follow up frequency:
n=0

e Q6.1 Follow up content:

(1 study)

n=0
Q7.1 Gastric cancer n=0 )

* Non-relevant population, intervention, comparison, design or setting; non-English language
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Appendix H - Economic evidence tables

No economic evidence identified (prognostic/diagnostic review).
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Appendix |

Health economic model

There was no original economic modelling undertaken for this review question.

Appendix J

J.1 Clinical studies

Risk factors for vitamin B12 deficiency

Excluded studies

Table 18: Studies excluded from the clinical review

Study

Alhaji, Jwaher Haji (2022) Vitamin B12
Deficiency in Patients with Diabetes on
Metformin: Arab Countries. Nutrients 14(10)

Alharbi, Turki J, Tourkmani, Ayla M, Abdelhay,
Osama et al. (2018) The association of
metformin use with vitamin B12 deficiency and
peripheral neuropathy in Saudi individuals with
type 2 diabetes mellitus. PloS one 13(10):
e0204420

Arora, S., Singh, B., Gupta, V.K. et al. (2011)
Burden of vitamin B12 deficiency in urban
population in Delhi, India: A hospital based
study. International Journal of Pharma and Bio
Sciences 2(1): 521-528

Atabi, D.F., Qasim, A.H., Mohammed, S.A.K. et
al. (2021) Association of metformin use with
vitamin b12 deficiency in iraqi patients with type
ii diabetes mellitus. Indian Journal of Forensic
Medicine and Toxicology 15(3): 4728-4733

Awad, N.A., Alsaady, Z.A., Albayati, M.A.M. et
al. (2022) Correlation study of metformin drug
with vit.B12 and folic acid in women suffer of
type 2 diabetic disease. Journal of
Pharmaceutical Negative Results 13(3): 308-
312

Battat, Robert, Kopylov, Uri, Szilagyi, Andrew et
al. (2014) Vitamin B12 deficiency in
inflammatory bowel disease: prevalence, risk

Code [Reason]

- Review article but not a systematic review

- Study design not relevant to this review
protocol

- Full text paper not available

- Data not reported in an extractable format or a
format that can be analysed

- Data not reported in an extractable format or a
format that can be analysed

- Systematic review used as source of primary
studies
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https://doi.org/10.3390/nu14102046
https://doi.org/10.3390/nu14102046
https://doi.org/10.3390/nu14102046
https://doi.org/10.1371/journal.pone.0204420
https://doi.org/10.1371/journal.pone.0204420
https://doi.org/10.1371/journal.pone.0204420
https://doi.org/10.1371/journal.pone.0204420
https://doi.org/10.1371/journal.pone.0204420
http://www.ijpbs.net/volume2/issue1/biological/_68.pdf
http://www.ijpbs.net/volume2/issue1/biological/_68.pdf
http://www.ijpbs.net/volume2/issue1/biological/_68.pdf
http://www.ijpbs.net/volume2/issue1/biological/_68.pdf
http://medicopublication.com/index.php/ijfmt/article/download/16197/14492
http://medicopublication.com/index.php/ijfmt/article/download/16197/14492
http://medicopublication.com/index.php/ijfmt/article/download/16197/14492
http://medicopublication.com/index.php/ijfmt/article/download/16197/14492
https://www.pnrjournal.com/index.php/home/article/view/419/286
https://www.pnrjournal.com/index.php/home/article/view/419/286
https://www.pnrjournal.com/index.php/home/article/view/419/286
https://www.pnrjournal.com/index.php/home/article/view/419/286
https://doi.org/10.1097/mib.0000000000000024
https://doi.org/10.1097/mib.0000000000000024
https://doi.org/10.1097/mib.0000000000000024

FINAL

Study

factors, evaluation, and management.
Inflammatory bowel diseases 20(6): 1120-8

Bilici, Ahmet, Sonkaya, Alper, Ercan, Serif et al.
(2015) The changing of serum vitamin B12 and
homocysteine levels after gastrectomy in
patients with gastric cancer: do they associate
with clinicopathological factors?. Tumour biology
: the journal of the International Society for
Oncodevelopmental Biology and Medicine
36(2): 823-8

Bledsoe, Adam C, King, Katherine S, Larson,
Joseph J et al. (2019) Micronutrient Deficiencies
Are Common in Contemporary Celiac Disease
Despite Lack of Overt Malabsorption Symptoms.
Mayo Clinic proceedings 94(7): 1253-1260

Bussen, S and Bussen, D (2012) Serum Folate
and Cobalamin Levels in Women Using
Combined Contraceptive Vaginal Ring.
Geburtshilfe und Frauenheilkunde 72(2): 149-
153

Buyukgol, Huseyin and Gunes, Muzaffer (2020)
The Effects of Antiepileptic Medications on Lipid
Profile, Thyroid Panel, and Vitamin Level.
Cureus 12(10): e11005

Carmel, R., Cairo, K., Bondareff, W. et al. (1996)

Spouses of demented patients with low
cobalamin levels: A new risk group for
cobalamin deficiency. European Journal of
Haematology 57(1): 62-67

Carmel, R; Aurangzeb, |; Qian, D (2001)
Associations of food-cobalamin malabsorption
with ethnic origin, age, Helicobacter pylori
infection, and serum markers of gastritis. The
American journal of gastroenterology 96(1): 63-
70

Castillo-Lancellotti, C., Margozzini, P., Valdivia,
G. et al. (2013) Serum folate and vitamin B12 in
older people. Results from the Chilean national
health survey 2009-2010. Revista Medica de
Chile 141(9): 1107-1116

Code [Reason]

- No relevant outcomes

- Data not reported in an extractable format or a
format that can be analysed

- Data not reported in an extractable format or a
format that can be analysed

- Data not reported in an extractable format or a
format that can be analysed

- Data not reported in an extractable format or a
format that can be analysed

- Data not reported in an extractable format or a
format that can be analysed

- Study not reported in English
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https://doi.org/10.1097/mib.0000000000000024
https://doi.org/10.1007/s13277-014-2705-3
https://doi.org/10.1007/s13277-014-2705-3
https://doi.org/10.1007/s13277-014-2705-3
https://doi.org/10.1007/s13277-014-2705-3
https://doi.org/10.1007/s13277-014-2705-3
https://doi.org/10.1016/j.mayocp.2018.11.036
https://doi.org/10.1016/j.mayocp.2018.11.036
https://doi.org/10.1016/j.mayocp.2018.11.036
https://doi.org/10.1016/j.mayocp.2018.11.036
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=pmnm2&NEWS=N&AN=25284832
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=pmnm2&NEWS=N&AN=25284832
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=pmnm2&NEWS=N&AN=25284832
https://doi.org/10.7759/cureus.11005
https://doi.org/10.7759/cureus.11005
https://doi.org/10.7759/cureus.11005
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1600-0609
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1600-0609
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1600-0609
http://onlinelibrary.wiley.com/journal/10.1111/(ISSN)1600-0609
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med4&NEWS=N&AN=11197289
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med4&NEWS=N&AN=11197289
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med4&NEWS=N&AN=11197289
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med4&NEWS=N&AN=11197289
https://doi.org/10.4067/s0034-98872013000900002
https://doi.org/10.4067/s0034-98872013000900002
https://doi.org/10.4067/s0034-98872013000900002
https://doi.org/10.4067/s0034-98872013000900002
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Study

Chapman, L E; Darling, A L; Brown, J E (2016)
Association between metformin and vitamin B12
deficiency in patients with type 2 diabetes: A
systematic review and meta-analysis. Diabetes
& metabolism 42(5): 316-327

Chapman, L.E.; Darling, A.L.; Brown, J.E.
(2015) The association between the biguanide
drug metformin and vitamin B12 deficiency in
diabetic patients: A systematic review.
Proceedings of the Nutrition Society 74(oce1)

Clarke, Robert, Grimley Evans, J, Schneede, J
et al. (2004) Vitamin B12 and folate deficiency in

later life. Age and ageing 33(1): 34-41

Cotter, P.E. and O'Keeffe, S.T. (2011) Use of
proton pump inhibitors is not associated with
Vitamin B12 deficiency and in older hospital
patients: A case control study. European
Geriatric Medicine 2(4): 253-255

Crandall, J.P., Edelstein, S.L., Aroda, V. et al.
(2013) Vitamin B12 deficiency in the diabetes
prevention program outcome study (DPPOS).
Diabetes 62(suppl1): a309

Crane, M.G., Sample, C., Patchett, S. et al.
(1994) Vitamin B12 studies in total vegetarians
(vegans). Journal of Nutritional Medicine 4(4):
419-430

Elsborg, L; Lung, V; Bastrup-Madsen, P (1976)
Serum vitamin B12 levels in the aged. Acta
medica Scandinavica 200(4): 309-14

Force, R W and Nahata, M C (1992) Effect of
histamine H2-receptor antagonists on vitamin
B12 absorption. The Annals of
pharmacotherapy 26(10): 1283-6

Force, Rex W, Meeker, Angela D, Cady, Paul S
et al. (2003) Ambulatory care increased vitamin
B12 requirement associated with chronic acid
suppression therapy. The Annals of
pharmacotherapy 37(4): 490-3

Code [Reason]

- Systematic review used as source of primary
studies

- Conference abstract

- Data not reported in an extractable format or a
format that can be analysed

- Study design not relevant to this review
protocol

- Conference abstract

- Data not reported in an extractable format or a
format that can be analysed

- Study design not relevant to this review

protocol

- Review article but not a systematic review

- No relevant outcomes
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https://doi.org/10.1016/j.diabet.2016.03.008
https://doi.org/10.1017/s0029665115001433
https://doi.org/10.1017/s0029665115001433
https://doi.org/10.1017/s0029665115001433
https://doi.org/10.1017/s0029665115001433
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=N&AN=14695861
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=N&AN=14695861
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=N&AN=14695861
https://doi.org/10.1016/j.eurger.2011.02.007
https://doi.org/10.1016/j.eurger.2011.02.007
https://doi.org/10.1016/j.eurger.2011.02.007
https://doi.org/10.1016/j.eurger.2011.02.007
http://diabetes.diabetesjournals.org/content/62/Supplement_1/A217.full.pdf+html
http://diabetes.diabetesjournals.org/content/62/Supplement_1/A217.full.pdf+html
http://diabetes.diabetesjournals.org/content/62/Supplement_1/A217.full.pdf+html
https://doi.org/10.3109/13590849409003591
https://doi.org/10.3109/13590849409003591
https://doi.org/10.3109/13590849409003591
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med1&NEWS=N&AN=983799
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med1&NEWS=N&AN=983799
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med3&NEWS=N&AN=1358279
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med3&NEWS=N&AN=1358279
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med3&NEWS=N&AN=1358279
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=N&AN=12659601
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=N&AN=12659601
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=N&AN=12659601
http://ovidsp.ovid.com/ovidweb.cgi?T=JS&PAGE=reference&D=med5&NEWS=N&AN=12659601
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Study

Gorjipour, Fazel, Asadi, Yasin, K Osguei,
Nushin et al. (2013) Serum level of
homocysteine, folate and vitamin-B12 in
epileptic patients under carbamazepine and
sodium valproate treatment: a systematic review
and meta-analysis. Iranian Red Crescent
medical journal 15(3): 249-53

Greibe, Eva, Trolle, Birgitta, Bor, Mustafa V et
al. (2013) Metformin lowers serum cobalamin
without changing other markers of cobalamin
status: a study on women with polycystic ovary
syndrome. Nutrients 5(7): 2475-82

Gumurdulu, Yuksel, Serin, Ender, Ozer, Birol et
al. (2003) Predictors of vitamin B12 deficiency:
age and Helicobacter pylori load of antral
mucosa. The Turkish journal of gastroenterology
: the official journal of Turkish Society of
Gastroenterology 14(1): 44-9

Gupta, Anil K; Damii, Alkarim; Uppaluri, Aparna
(2004) Vitamin B12 deficiency. Prevalence
among South Asians at a Toronto clinic.
Canadian family physician Medecin de famille
canadien 50: 743-7

Hartman, Brenda, Donnelly-VanderLoo, Mary,
Watson, Tiffany et al. (2016) Proton-pump
inhibitor therapy and vitamin B12 status in an
inpatient hospital setting. Applied physiology,
nutrition, and metabolism = Physiologie
appliquee, nutrition et metabolisme 41(10):
1071-1076

Hemminki, Kari, Li, Xinjun, Sundquist, Jan et al.
(2009) Familial associations of rheumatoid
arthritis with autoimmune diseases and related
conditions. Arthritis and rheumatism 60(3): 661-
8

Hendrawati, Y D, Andrajati, R, Supardi, S et al.
(2018) THE RISK OF COBALAMIN
DEFICIENCY SYMPTOMS RELATED TO
LONG-TERM METFORMIN USE IN T2DM
PATIENTS. Acta endocrinologica (Bucharest,
Romania : 2005) 14(1): 49-54

Code [Reason]

- Systematic review used as source of primary
studies

- Data not reported in an extractable format or a
format that can be analysed

- Study design not relevant to this review
protocol

- No adjustment for key confounders

- Study design not relevant to this review
protocol

- Study design not relevant to this review
protocol

- Data not reported in an extractable format or a
format that can be analysed
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Herrmann, W., Schorr, H., Purschwitz, K. et al.
(2001) Total homocysteine, vitamin b12, and
total antioxidant status in vegetarians. Clinical
Chemistry 47(6i): 1094-1101

Hitzhusen, J C, Taplin, M E, Stephenson, W P
et al. (1986) Vitamin B12 levels and age.
American journal of clinical pathology 85(1): 32-
6

Huang, Shaozhong, Ma, Jiayi, Zhu, Mingming et
al. (2017) Status of serum vitamin B12 and
folate in patients with inflammatory bowel
disease in China. Intestinal research 15(1): 103-
108

Humphrey, M.L.; Barkhordari, N.; Kaakeh, Y.
(2012) Effects of omeprazole on vitamin and
mineral absorption and metabolism. Journal of
Pharmacy Technology 28(6): 243-248

Javanainen, Mervi, Pekkarinen, Tuula,
Mustonen, Harri et al. (2018) Two-Year Nutrition
Data in Terms of Vitamin D, Vitamin B12, and
Albumin After Bariatric Surgery and Long-term
Fracture Data Compared with Conservatively
Treated Obese Patients: a Retrospective Cohort
Study. Obesity surgery 28(9): 2968-2975

Jayashri, Ramamoorthy, Venkatesan,
Ulagamathesan, Rohan, Menon et al. (2018)
Prevalence of vitamin B12 deficiency in South
Indians with different grades of glucose
tolerance. Acta diabetologica 55(12): 1283-1293

Johnson, M A, Hausman, D B, Davey, A et al.
(2010) Vitamin B12 deficiency in African
American and white octogenarians and
centenarians in Georgia. The journal of nutrition,
health & aging 14(5): 339-45

Ju, H.J., Seo, J.M., Kim, S.H. et al. (2022)
32632 Comorbidities in patients with vitiligo: A
systematic review and meta-analysis. Journal of
the American Academy of Dermatology
87(3supplement): ab150

Code [Reason]

- Data not reported in an extractable format or a
format that can be analysed

- Data not reported in an extractable format or a
format that can be analysed

- Data not reported in an extractable format or a

format that can be analysed

- Review article but not a systematic review

- No relevant outcomes

- Study design not relevant to this review
protocol

- Study design not relevant to this review
protocol

- Conference abstract
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J.2 Health Economic studies
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Appendix K Recommendations for research — full details

K.1 Recommendation for research

Which medicines increase the risk of vitamin B12 deficiency?

Why this is important

No evidence was identified for the prognostic value of nitrous oxide, colchicine, the
contraceptive pill, antibiotics or anticonvulsants as risk factors for vitamin B12 deficiency. Of
particular concern is the lack of evidence for nitrous oxide, given that recreational use is a
significant public health issue. Research on the effects of nitrous oxide use, particularly use
of large amounts and chronic use, is greatly needed. Further research is also needed to
understand the association between use of other medicines and vitamin B12 deficiency.
Better awareness regarding when to suspect vitamin B12 deficiency may reduce delayed
and missed diagnosis and help reduce complications associated with vitamin B12 deficiency.

K.1.2 Rationale for the recommendation for research

Importance to ‘patients’ or the population Better awareness regarding when to suspect
vitamin B12 deficiency may reduce delayed and
missed diagnosis and help reduce complications
associated with vitamin B12 deficiency. For
some people, a change or cessation of certain
medications may be appropriate.

Relevance to NICE guidance This guideline raises awareness of medications
that might be associated with an increased risk
of vitamin B12 deficiency. Further evidence is
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Relevance to the NHS

National priorities
Current evidence base

Equality considerations

K.1.3 Modified PICO table
Population
Exposure

Confounding factors
Outcome

Study design

Timeframe
Additional information

needed to quantify the potential increase in risk
at different doses and durations of use.

The outcome may lead to an increase in the
number of people suspected of and having
investigations for vitamin B12 deficiency, which
may lead to an increase in the number
diagnosed and treated. If people have any
medications topped, there may be an increase in
prescriptions for alternative medications.

Not applicable.

No evidence was identified for the prognostic
value of nitrous oxide, colchicine, the
contraceptive pill, antibiotics or anticonvulsants
as risk factors for vitamin B12 deficiency.

None known.

General population

Medications:

e nitrous oxide (prescription and
recreational)

e colchicine

e the contraceptive pill (combined
oestrogen and progesterone pill and the
progesterone only pill),

e antibiotics (sulfonamides, tetracyclines,
trimethoprim, minocycline, neomycin,
co-trimoxazole, demeclocycline,
fluoroquinolones, macrolides)

e anticonvulsants (valproic acid,
phenobarbital (Donnatal®, Solfoton®),

phenytoin)
Stratify by:
e dose

e duration

Age and sex as a minimum

Diagnosis of vitamin B12 deficiency at any time
point reported in the study

Prospective cohort studies with multivariate
analysis

Long term
None
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K.2 Recommendation for research

Which dietary factors increase the risk of vitamin B12 deficiency?

K.2.1 Why this is important

Anyone not getting enough B12 in their body can get a deficiency, but no evidence was
identified on which dietary factors increase the risk. Further research is needed to identify
which groups of people are at risk of low dietary intake. In addition, information about
vegetarian and vegan diets may be outdated, as dietary trends have changed in recent
years, the choice of vegetarian and vegan food products has vastly increased, and many
foods are now fortified with vitamin B12. Better awareness regarding when to suspect vitamin
B12 deficiency may reduce delayed and missed diagnosis and help reduce complications
associated with vitamin B12 deficiency.

K.2.2 Rationale for the recommendation for research

Importance to ‘patients’ or the population Better awareness regarding when to suspect
vitamin B12 deficiency may reduce delayed and
missed diagnosis and help reduce
complications associated with vitamin B12
deficiency.

Relevance to NICE guidance This guideline raises awareness of dietary
factors that might be associated with an
increased risk of vitamin B12 deficiency. Further
evidence is needed to quantify the potential
increase in risk for different dietary factors.

Relevance to the NHS The outcome may lead to an increase in the
number of people suspected of and having
investigations for vitamin B12 deficiency, which
may lead to an increase in the number
diagnosed and treated.

National priorities Not applicable.

Current evidence base No evidence was identified for the prognostic
value of dietary factors as risk factors for
vitamin B12 deficiency.

Equality considerations The recommendation addresses inequalities
related to age, disability, pregnancy and
maternity, religion and belief as these groups
may have reduced ability or energy to buy or
prepare food.

K.2.3 Modified PICO table
Population General population
Exposure Dietary risk factors:
e vegetarianism
e veganism

e restrictive diets including eating
disorders

e socioeconomic status
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Confounding factors
Outcome

Study design

Timeframe
Additional information
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e learning difficulties
Age and sex as a minimum

Diagnosis of vitamin B12 deficiency at any time
point reported in the study

Prospective cohort studies with multivariate
analysis

Long term
None
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